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The decision of the surgeon general to make special provision for 
the care and study of chronic arthritis in the Army, has permitted 
activities in this connection on a scale larger than has been possible in 
this country since the Civil War, or than seems likely to be possible 
again. The advisability of such provision was indicated by several 
factors. Statistics available through the courtesy of Col. A. G. Love, 
of the Sick and Wounded Division, U. S. Army, Washington, D. C., 
based on data available up to Jan. 1, 1918, indicated that for an army 
of four million men, for one year, there could be expected an incidence 
of upward of thirty thousand cases of chronic arthritis, excluding 
those of a tuberculous or a Neisserian nature. The very limited degree 
to which our troops had participated in active warfare at the time of 
compiling the above data suggested that with the subjection of more 
men to the same conditions these figures would be increased. 

Observations by students of this subject among the Allied armies, 
and an independent survey of the cases presenting at a number of 
army hospitals in this country, gave added weight to these figures, not 
only in respect of the numbers, but also in respect of the types and 
severity of the cases encountered. It was plain, therefore, that chronic 
arthritis formed one of the larger medical problems affecting the soldier 
in service, and, hence, the efficiency of the army as a whole. 

The marked chronicity of this disease, as compared with most out- 
standing medical conditions in the army, gives added importance te 
this fact. Further, the problem of the chronically arthritic soldier is 
extended to the civil community after his discharge in a degree which 
bears comparison with that of gunshot wounds. Finally, the incidence 
of chronic arthritis in civil life and the difficulty of meeting it are 
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already such as to make desirable efforts to prevent their increase and 
to justify any well considered action which seeks to utilize the large 
opportunities created by the war in the study of this disease. 

Because of the fact that U. S. Army General Hospital No. 9, Lake- 
wood, N. J., had already been designated as a center for investigative 
work; that it had a location easily accessible to returned overseas 
patients, and because of the presumably advantageous nature of the 
climate and soil there, the present studies were undertaken at this 
hospital." 

The lines of investigation followed were determined by several 
factors. Chief among these were the desirability of studying the 
metabolism of arthritis as a whole in a larger way than had yet been 
attempted by modern methods; the previous experiences of one of us 
(R. P.), which permitted a point of attack different from most lines 
of investigation, and the desirability of amplifying these experiences. 

Most of the recent work undertaken on arthritis has proceeded 
from a bacteriologic basis, and this phase of the problem has been 
covered so thoroughly that it appeared improbable that much would be 
achieved in this direction without extraordinary effort; especially as 
the investigative personnel and equipment of the hospital were estab- 
lished along physicochemical lines. Bacteriologic studies in relation to 
chemical pathology were suggested, however, by the experience gained, 
and it is clear in retrospect that bacteriologic work of the nature 
indicated, would have been of interest. 

The present report, therefore, considers the following: (a) the 
incidence of chronic arthritis in the army as a whole and a statistical 
analysis of the factors governing this incidence, the types of cases 
resulting and such clinical matters as have been suggested in the course 
of this study; (b) laboratory and clinical studies along a variety of 
lines, as to the nature of arthritis, based on a large number of the 400 
cases presenting; (c) experiences with certain types of treatment, and 
a brief analysis of some other forms of therapy with their indications ; 
(d) recommendations directed toward lowering the incidence of 
arthritis in the army, toward the provision of personnel, equipment 
and other facilities suggested by these studies as important, toward 
reduction of hospital days and toward the early return to duty of 
soldiers the subject of this disease. 

This report does not aim to present the subject of arthritis in the 
form of a treatise. It attempts to reflect the conditions encountered, 


1. The arthritic service was inaugurated at U. S. Army General Hospital 
No. 9, Nov. 16, 1918, and terminated with the closing of the hospital about 
June 1, 1919, although the admission of patients had ceased and the discharge 
of patients was completed about two weeks earlier 
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to describe the work undertaken and to state such conclusions and 
recommendations as seemed warranted. 


STATISTICS 


Under average conditions, chronic arthritis has its highest incidence 
around the fourth and fifth decades, although it may occur at any age. 
The factors operating to produce it in young soldiers, under stress of 
warfare, presumably differ somewhat from those operating in civil 
life. It was conceivable that such differences might be reflected in a 
critical analysis of the cases presenting, and that other fact obtainable, 
such as the distribution of involvement, etc., would also be of interest. 
The study of each case began, therefore, with a critical and detailed 
examination as regards a considerable number of factors relating to 
the date and manner of the onset of the present attack ; of the previous 
attacks, if any; the condition of health prior to the present attack ; 
treatment received, and the like. A complete medical examination 
followed, including routine, full and differential blood counts, Wasser- 
mann test, etc., after which the subject was referred routinely for 
examination to the eye, ear, nose and throat department, the dental 
and genito-urinary departments and, when indicated, to the roentgen- 
ray department. Details regarding these examinations and the actions 
and conclusions based on them appear under the appropriate headings. 
Many of the patients were additionally made the subject of particular 
laboratory and other studies. Most of the patients in the present 
series were returned from overseas, although a considerable percentage 
came from camps in this country. More than 420 patients were 
admitted to or examined by the arthritic service, but the following 
statistics are based on 400 cases, after eliminating those of doubtful 
nature. 


STATISTICAL ANALYSIS OF FOUR HUNDRED CASES OF ARTHRITIS ADMITTED 
TO U. S. ARMY GENERAL HOSPITAL NO. 9, LAKEWOOD, N. J.” 


It was found that 256 patients (64 per cent.) had arthritis only; 
112 (28 per cent.) had a combination of arthritis and myositis ; twenty- 
two (514 per cent.) had myositis only; seven (1.75 per cent.) had 
nerve involvement (neuritis) only, and three (0.75 per cent.) were 
listed as doubtful. 

The average age of all patients was 28.26 years, while that of the 
worst cases showing the least improvement was 29.38 years. 


2. Compiled with the assistance of First Lieut. John W. Robertson, M. C. 
Associated at various times with the arthritis service at this hospital, were 
also Capt. Louis A. Levison, M. C., on whom fell much of the routine medical 
care of the patients, First Lieut. Willard Phippard, M. C., and First Lieut. 
Jacob Mitchell, M. C. It is a pleasure to acknowledge the cooperation of 
these officers, particularly Captain Levison. 
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The precipitating factors in order of frequency were as follows: 


No. Per 
Cases Cent. 
IE ic vcieddenisdshabesewsbieveneeet 232 58. 
I, cnc cevtcdenctedeeiethivawinsccdee 33 8.25 
Ds hid diag dp sdaeeainetendmervaaeda 30 7.5 
RR AOR A eae ae: Sa ae ee en 28 7 
TR tt ode ee eaten e uses cade ly ewe 23 5.75 
Se GU I lea vutiecsecadices sees 15 3.75 
EE: db bE6.adenek beadeavecdsces + séete 13 3.25 
NEED snloh dient elaine cee ndedddakn cows 6 1.5 
PPCRUNGnt : THI. 6:6.64:s anda ncana'ss canes 4 1 


Under a miscellaneous listing of precipitating factors: 


1 case followed meningitis 

2 cases followed appendicitis 

2 cases followed measles 

3 cases followed mumps 

2 cases followed scarlet fever 

1 case followed the injection of pneumococcic vaccine 
1 case followed acute bronchitis 

2 cases followed “boils” 

2 cases followed abscess of the jaw (from tooth) 


It was found that in forty-eight cases (12 per cent.) there was 
more than one precipitating factor; for instance, exposure and dysen- 
tery may have played an equally important role in one and the same 
case. 

Fifty-six cases (14 per cent.) were listed as having an unknown 
precipitating factor. 

One hundred and forty-three patients (35.75 per cent.) had had 
attacks of “rheumatism” prior to their army service. In contrast to 
this only eight of 113 nonarthritic patients (7 per cent. plus) on the 
surgical and orthopedic wards, questioned at random as to any his- 
tory of “rheumatism,” had had attacks of this nature. In other words, 
the incidence of previous attacks of arthritis or “rheumatism” was 
five times more frequent in the cases in this series than in cases at 
large admitted to the hospital for other conditions. This point is 
referred to more fully under the caption “Summary.” 

Statistics compiled under the direction of Capt. Bertnard Smith, 
chief of the cardiovascular department of the hospital, and made avail- 
able through his courtesy, showed that in 350 cases of functional 
cardiac disorder, the incidence of rheumatic attacks prior to admission 
to the hospital was less than 6 per cent. 
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DistriBpuTION OF INVOLVEMENT 


0. Per 
Cases Cent. 

i ah a te I i 2 ] 
CE a 141 35.25 
Ag IRE FE Re ony 135 33.75 
ER EER See 127 31.75 
CB EEE RT ae ree 22.25 
4g RR RG i oe ey I AR eg 58 14.50 
Es eee it BEE be eat ahd bees wena bbe 54 13.50 

aa at ay a a ae aie eo Sea 48 12 
I SR ee oe ee ee ee 47 11.75 
I daa eda h etlnesna chal pando insets <i 39 9.75 
la eet anedeu danas 33 8.25 
SNES Sin) SARESER Ble eine Se See ae a 30 7.50 

MT ae taiths. ad wc olay a utes Okt Pans 0 ens ieee 28 z 

ne ee ee 16 4. 
a al a BEE eas 8 il 7 1.75 

I te sad W ns uudeneadsweucavesced 4 1. 
Na a i ais ik Se aia 3 0.75 
I go os is oa cin « wadlainies 2 0.50 
rt ia kn nc Uda codudascnueneeewe 1 0.25 


It was noted that 228 cases (57 per cent.) showed a combination of 
two or more of the above distributions, ranging in a few cases up to 
involvement of practically all joints in the same case. 


RELATIVE TO SURGICAL FOCI 


The accepted relation of foci of infection to many cases of arthritis 
made desirable careful analysis of all cases in this regard. Fuller con- 
sideration of this analysis follows presentation of the figures resulting. 

One hundred and seven persons (26.75 per cent.) were taken sick 
in the apparent absence of demonstrable surgical foci. Two hundred 
and ninety-three persons (73.25 per cent.) showed demonstrable sur- 
gical foci. Of this latter number 208 showed foci in the tonsils. This 
is 52 per cent. of the entire series and is 71 per cent. (minus) of all 
cases (293) showing foci. 

One hundred and thirty-four persons (33.50 per cent.) in the 
entire series, or 45.73 per cent. of those showing a demonstrable sur- 
gical focus, were positive for a dental focus. Fifty persons, 12.50 per 
cent. in the entire series, or 17 per cent. (plus) of those showing a 
focus, were positive for a genito-urinary focus. Of the above 293 per- 
sons showing a focus in any of the above three distributions, seventy- 
eight (19.50 per cent. of 400) showed a combination of both dental 
and tonsillar foci. This is 26.62 per cent. of the 293 persons having a 
focus somewhere. 

It was also found that thirty-eight persons showed some combina- 
tion of foci other than dental and tonsillar, as for instance dental and 
genito-urinary or tonsillar and genito-urinary. This number was 9.50 
per cent. of the entire series or 13 per cent. (minus) of the 293 per- 
sons showing foci. 
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REGARDING Procress 


No. Per 
Cases Cent. Remarks 
92 23. Recovered in the apparent absence of a demon- 
strable focus. 
1&4 46. es in the presence of a demonstrable 
ocus. 
34 8.5 Recovered after the removal of foci. 
31 7.75 Were improved after the removal of foci. 
28 r J Were unimproved after the removal of foci. 
310 77.5 Recovered “by whatever means.” 
74 18.5 Improved “by whatever means.” 
16 4. Were unimproved “by whatever means.” 


On a basis of the last 100 cases of the series, investigated more 
fully for this point, five patients (5 per cent.) improved in the apparent 
absence of foci; twenty-five (25 per cent.) improved in the presence 
of unremoved foci. 

Several points of interest are developed from a study of these 
figures. Exposure took precedent of all other factors as the exciting 
agent. There is, of course, in any statistical compilation room for 
error in the emphasis placed on any one factor, but the clear-cut state- 
ments of the soldiers questioned, and the unanimity with which these 
agreed, made it clear that after making all allowances for error, 
exposure to cold and wet is a factor of major importance in producing 
rheumatoid and arthritic disabilities among soldiers in service under 
present conditions of warfare. 

By the term “exposed to cold and wet” is meant protracted subjec- 
tion to such conditions as deep mud or heavy rain which kept the men, 
or at least their legs and feet and often their entire bodies, wet for 
hours, days or even weeks at a stretch. Sleeping consecutive nights 
on stone or cement floors or wet earth in stone outhouses is also 
included under this head, and figured frequently not only in the his- 
tories elicited, but as causative factors in the conscious experiences of 
the men themselves. In one extreme example of this series, disability 
dated abruptly from being caught between allied and enemy fire in a 
swamp where the command was forced to remain sixty hours, during 
which time this soldier was in water up to his knees. Other such and 
repeated instances leave no doubt as to the etiologic relation of expo- 
sure of various kinds. 

It is of interest that the factor next most frequently encountered 
after a marked percentage drop was dysentery, which is separated by 
relatively small differences from injury and “flu.” Under “Clinical 
Considerations,” mention will be made of certain points of interest in 
this connection. It is noteworthy that drilling and hiking were recorded 
as the exciting factors in only a small percentage of cases, namely, 
3.75 per cent. 

Analysis of the distribution of involvement indicates that the fre- 
quency of disability in the knee is outstanding in contrast to involve- 
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ment of the ankle, hip and shoulder. This suggests an immediate 
influence from trauma on the weight bearing parts. The frequency, 
however, of involvement of the knee under civil conditions, the fact 
that the shoulders were involved almost as frequently as the hip and 
ankle; the fact that in a great majority of instances the disease was 
more or less systemic in its manifestations, and the impressive evidence 
adduced by the men themselves in relating their disabilities to cold 
and wet, would seem to indicate that mechanical agencies, such as 
trauma in marching, played a role not conspicuously greater than they 
do in civil life.* 

The involvement of the jaw among soldiers was conspicuously 
infrequent as compared with civil life. The phalangeal and meta- 
carpophalangeal joints of the hand were involved in 141% per cent. 

Certain interesting and instructive relations were indicated by the 
analysis of all cases presenting in this series for surgical foci in any 
part of the body. As mentioned, efforts to this end formed one of the 
fundamental bases of study and treatment of this group.* It is gen- 
erally conceded that the most frequent sites of focal infection are the 
tonsils, teeth, genito-urinary tract and accessory sinuses of the head, 
although it may occur almost anywhere in the body. The question of 
what constitutes pathology, particularly in the tonsils, and when it 
potentially operates as a focus of infection is a matter on which there 
is much room for discussion, and it is probable that no observations 
to this end can be immune from criticism. It is particularly difficult 
to determine the absence of all foci of infection, and in this connection 
evidence must be largely presumptive, however carefully obtained. 
Studies at the hands of many observers, and experience afforded by 
the work here presented, indicate that harmful foci may be contained 
within tonsils deeply buried and innocuous in appearance. At the 
hands of critical observers, however, it is possible to indicate, in a 
great majority of cases, when present, the existence of definite path- 
ology, particularly perhaps in the teeth, where the roentgen rays often 
confirm or refute suspicious evidence. It is probable, therefore, that 
the error on the positive site is small. 

Referring to the figures, it will be noted that 107 patients, or about 
27 per cent., were taken sick in the apparent absence of demonstrable 
surgical foci in the head, nose, throat, teeth or genito-urinary tract. 


3. In a thorough analysis of the results of tonsillectomy in 200 consecutive 
cases of myositis and arthritis, Lillie and Lyons (J. A. M. A. 72:1214 [April 
26] 1919) found that under civil conditions the knees were involved with 
greater frequency than other joints. 

4. Obligation is expressed for the painstaking and cooperative efforts of the 
medical officers conducting the department of the eye, ear, nose and throat; 
especially Capt. Watson W. Gailey, Jr., and Capt. T. W. Davis, M. C., U. S. 
Army. 
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Bearing in mind that there is a possible error in the exact number 
classed in this category, it nevertheless becomes apparent that an 
important percentage of these soldiers were free from the gross 
pathology so frequently found in civil life in connection with this 
disease. On the other hand, 184 patients, or 46 per cent., recovered in 
the presence of demonstrable foci. This fact is particularly instruc- 
tive. It is less impressive when indicated by figures than when demon- 
strated by intimate contact with scores of men, invalided for months, 
and, in many cases, a year or more by severe and widespread arthritis, 
who have achieved recovery without residual pathology along lines of 
expectant treatment, aided sometimes by local measures. Under the 
pressure of war conditions, it was clearly difficult or impossible to give 
these men the attention they deserved and should have had. In view 
of the large role played by exposure as an exciting factor; in view of 
the recovery from arthritis of many soldiers carrying demonstrable 
surgical foci, usually in their tonsils, it is impossible to escape the con- 
clusion that the men constituting the group here studied, showed a large 
independence of focal infection. It is to be borne in mind that many 
men were convalescing or well on admission to the hospital. Many 
men would certainly have gotten well sooner had their foci been 
removed. It should not be deduced that the removal of foci is unim- 
portant. It is of great importance and is made the basis of one of the 
recommendations to be mentioned later. In this particular group, how- 
ever, it must be recognized that more men got well with no attention 
to foci than got well after removal of them. This conclusion will 
appear somewhat at variance with the relation focal infections are 
known frequently to bear to the disease, and should not be interpreted 
as justifying neglect of this established role; indeed, the evidence 
adduced from this series substantiates this relation strongly. Bearing 
this relation in mind, however, it is proper, if possible, to establish its 
limits etiologically and therapeutically. It is probable that there is here 
evidenced a distinct contrast to the conditions influencing chronic 
arthritis in civil life, and that the age of the subjects and the recupera- 
tive powers of youth must be given large significance. Under “Treat- 
ment,” mention will be made of the possible practical application of 
this conclusion. 

It is of much interest to note that only fifty cases, or 1214 per cent., 
of the series showed a possible focus in the genito-urinary tract. 
Indeed, of this number showing demonstrable pathology, only a trifling 
number were believed to have actual relation to the intercurrent 
arthritis, and it seems safe to conclude that genito-urinary infections 
played a small role in the causation of chronic arthritis in the army. 
The focal genito-urinary infections found were referable in only a 
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small percentage to venereal disease per se.* It is also of interest to 
note that only eight cases, or 2 per cent., showed a sustained and 
undoubtd Wassermann reaction. This entirely corroborates the experi- 
ence of one of us (R. P.) in civil life, and there seems little doubt that 
syphilis plays a negligible role in the causation of chronic arthritis. 


DENTAL FOCI 


An analysis of 397 cases for the percentage incidence of the various 
types of dental pathology was prepared by Capt. W. E. Mentzer, 
Dental Corps, to whom obligation must be expressed for cordial and 
skilful cooperation.* As noted above, definite dental foci of infection 
presented in only 134 cases, or 331% per cent., and tonsillar foci were 
present in 208 cases, or 52 per cent. It is rather astonishing that the 
combination of tonsillar and dental pathology should be present in 
only seventy-eight, or 191% per cent. of the entire 400 cases. This was 
not due to over-attention to one focus, when found, with consequent 
neglect of other possible foci, as all cases were examined routinely and 
independently. 

In examining patients from the dental standpoint, any condition 
about the mouth from which absorption might take place, was con- 
sidered a possible focus, and the case was studied further from that 
standpoint. The subject of caries was divided into three classes, 
respectively, slight, medium and heavy, to assist the dental department 
in giving attention first to the most needy cases. Under “caries slight,” 
are classed the cases in which the enamel was etched or just broken ; 
under “caries medium,” are classed the cases in which the decay had 
proceeded farther, but not far enough to endanger the pulp, and under 
“caries heavy,” are classed the cases in which the pulp was endangered 
or already exposed. 

Conditions falling under the classifications “simple gingivitis,” and 
“condition of the gums, fair or poor,” were not regarded as foci, but 
were considered as paving the way for infection and suppuration, and 
were corrected immediately to prevent the deeper tissues from becom- 
ing involved. The number of cases falling under “gingivitis simple,” 
and “condition of gums poor,” was large owing to the fact that these 
patients were not able to give their mouths the average amount of 
care. This is illustrated by the number of subjects showing salivary 
deposits. Under “pockets” about the necks of teeth have been listed 
all cases where such conditions were found, whether suppurative or 


5. Opinion of Capt. George G. Smith, chief of the genito-urinary service 
at U. S. Army General Hospital No. 9. 

6. All 400 cases were analyzed for dental foci as mentioned, but calculation 
of the percentage incidence of different kinds of dental pathology was made 
on only 397 cases. 
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nonsuppurative. Very few of these cases were suppurative ; the larger 
number, being caused by calculus deposits or the impaction of food 
between the teeth, had not progressed to that degree. When ulcerative 
gingivitis was present, or when there were pockets about the necks 
of the teeth, it became necessary for the examiner to determine 
whether in his opinion the condition present constituted a focus or not. 

Under abscessed teeth come the various alveolar abscesses, acute, 
chronic (with and without sinus) and blind abscesses, all of which 
were classed as constituting foci. The roentgen rays were resorted to 
when there were deep pockets about the necks of the teeth and in all 
cases in which there was the least possibility of an apical abscess. An 
analysis of 397 cases revealed the following conditions in the propor- 
tions indicated. 


IEE Sac datg un wheceen oes 118; not constituting a focus 
RG MED bbedcccrcacnens de 80; not constituting a focus 
ee Re re 79; not constituting a focus 
Calculus, subgingival ........ ... 211; not constituting a focus 
CRG, GEE vc cnsewencsecc 116; not constituting a focus 
Condition of gums, good........ 164; not constituting a focus 
Condition of gums, fair......... 103; not constituting a focus 
Condition of gums, poor......... 112; not constituting a focus 
Oe =e 216; not constituting a focus 


ringivitis, ulcerative, 25, constituting a possible focus; 
Pockets about necks of teeth, 77, constituting possible foci; 
Abscessed teeth, 126, constituting foci of infection; Incidence 
of abscessed teeth among all cases examined, 30 per cent. 


Only nine cases showing either pockets about the necks of the teeth 
or ulcerative gingivitis, or both, were considered actual foci of infec- 
tion, making a total of 135 instances, or 34 per cent. 
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Few, if any, observations have been available to date on the basal 
metabolism of chronic arthritis. Some of the evidence regarding this 
disease has indicated that a variety of agents whose action is supposed 
to hasten the body metabolism, such as thyroid extract, radium and the 
roentgen ray, may, at times, exercise definitely beneficial effects, and 
that certain subjects of chronic arthritis do very much better on a 
lowered food intake, particularly of carbohydrate, than they do on an 
unrestricted diet.1 These, and other, considerations have suggested 
that there might be in chronic arthritis a lowering or retardation of the 
body metabolism which would express itself in summation figures ; 
although it is, of course, possible that the intermediary metabolism 
might be markedly disturbed without being reflected in such totals. 
The basal metabolism was, therefore, studied in a series of twenty- 
nine cases. The observations were made by indirect calorimetry, using 
the Tissot method. Analyses of the expired air were carried out on 
the Haldane gas apparatus.* Table 1 shows the results obtained. Of 
the twenty-nine cases studied, 80 per cent. showed a metabolism within 
normal limits ; 20 per cent. showed a metabolism slightly below normal 
limits.*. The metabolic data give no explanation for this deviation. 
From the respiratory quotients no abnormality can be detected in the 
percentage of calories obtained from the three foodstuffs. Nothing 
abnormal was found in the pulse, temperature or minute volumes of 
air breathed at the times of the determinations. In the cases showing 
a basal metabolism below the normal limits, no particular relation 
could be determined between the severity of the disease, age or con- 
dition of the patient (whether active or bed-ridden), atrophy of 
muscle, edema or other factors. 


1. Pemberton, R.: Am. J. M. Sc. 153:678 (May) 1917. 

2. Peabody, Wearn and Tompkins: The Basal Metabolism in Cases of the 
Irritable Heart of Soldiers, Med. Clin. N. America 2:507 (Sept.) 1918. 

3. The second experiment on Robbins is not included in either percentage 
because he was then on a limited diet. 
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TABLE 1.—Basat Metapotism IN Twenty-Nine Cases or Curonic ARTHRITIS 
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Name Case Date |Age| — . | pm “ses 23 4 of. See 
| | 3! | ge) a | 28) S8| 38 | Sa] 58) S58 
Z = 855) 68/| da) 80 | S5/| sa | Sz 
pi ekia |\&€lo lo |a@ if 16 Is 
Masood....... 10 «11/21 23| 167 «57.7 | 988 7% 186| 26 O88 513 398) —1 
Grondyke..... 8 1/21 50| 160 50.O0| 94 8& 150| 17% 08 466) 34.2) —2* 
~ “ene 16 8 61/16| 4 | 173 539) 982 78 168) 22) 0.7 4.28 37.3 
Dekim 8 9/21) 42/ 174) 643) 984 64) 171) 235 0.73 467) 376) —3t 
Leeman 8 9/22 19| 174) 582) 978 67 29) 227) 097) 655) 0.0, —3 
Hinman 11 412/13 2% | 161 57.0) 97.5 52, 181| 206| 088 491 381) —4 
Stone 2 1/6 4 167 539 97.7 50 186| 1% 0.96 5.06 365, —5* 
aicehteeds 79 12/7 36) 177) 69) 97.4) 50 191| 236) O81 6.04 374) —6 
Me iresccaee 7 w/22| 2! 168! 50.7/| 982) 73 156/ 208| 0.77) 4.70| 37.1| —6 
Hayes........ 6 12/7) 299| 180) 566) 97.7) 68 167) 218 O77) 451) 362) -—8 
Robbins... .| 1 /19 2% | 12 784 98.7 6 29 257 089 5.90) 86) —8 
Robbins...... 1 1/6) . wee | 72.3) 976| GL) 184) 25/| 0.75) 486) 342) —14 
Lumers....... 1/9 | 163 473 97.0 67 134) 169 0.79 383/| 328) —9 
i icevedi 5 11/19) 26| 189) 6.0, 974 55 199) 232 086 482 35.9) —10 
Lowe......... 14 «1/28 | 42 177) 68:1) 97.6 60 184| 216 O86 5.50 341) —11 
Ti issseesess SO 12/ 6 25 172 70.5 98.0 a4 167 226 0.74 4.00 35.0 —12 
Sharpe... 8 12/4 | 178 74) 978 62 191 229) 084 4.64) 338) —13 
Haeberle 2 12/7!) 2) 175 | 64! 976) 73| 158 216 0.73) 3.91 | 334) —15* 
Blowers 3 12/2) 41) 179 682) 97.7 58S 160 211 080 489) 32.7 —16 
Martin... 8 11/20) 45/| 172) 66) #82 72 139 191 0.78, 5.01| 306) —21 
Oberg.......... 2 2/3) 2 | 100) 49.7/| 984 93 168/ 214| 0.79 442/ 306) +0 
Bartkiavieus. 88 12/10| 26| 178 81.8/ 974 65 223) 277) O81 624 | 40.0) +1 
Ciehon......... 89 12/9/| 22) 163) 616) 98.1 50 188 | 229/ 0.83 5.99) 399| +1* 
Mulledy.. 9 1/21 | 21) 178) 783 | 984 66 220) 279 0.79| 599| 40.7; +3* 
Saxton....... 91 9/22 | 24/| 181 71.6| 98.0 65) 207| 270| 0.77 | 6.64) 40.5 +3 
Kolden... | g2| 9/21) 171 | 60.7 | 98.0 72 | 206 | 21) O82) 5.71) 422) +73 
Hamburg 93 | 12/9| 23| 168| 62.0| 94 76) 200| 260/ 0.77 | 513) 43.1 +9 
Meadows.... | 94 | 11/21| 23 | 168!) 52.5! 97.8 52/ 200) 235) 085 | 6.52 | 43.1 +98 
_ ee } 12) 12/18] 24] 165) 49.5 985 «80 | 199) 28) O87 | 5.45 | 7) +0 





| 


* Periods disagreed by 4 per cent. 
+ Periods disagreed by 5 per cent. 
: Periods disagreed by 6 per cent. 
§ Restless in Period 11; periods disagreed by & per cent. 
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NITROGEN AND UREA OF THE BLOOD 

In previous communications’ evidence was advanced to show that 
there is no disturbance of the fasting level of the blood urea or non- 
protein nitrogen in cases of chronic arthritis. It was believed impor- 
tant, however, in studying the present relatively large group to include 
consideration of these factors in order further to substantiate or dis- 
prove these findings. Accordingly, determinations of blood nitrogen 
and urea were conducted in a series of seventeen cases. The blood 
samples were collected in the morning before the patient received his 
breakfast. Nonprotein nitrogen was determined by the direct ness- 
lerization method of Folin and Denis? and blood urea by the method 
of Van Slyke and Cullen.* The figures herewith appended show that 
all cases, including those of the most severe type, fall well within 
normal limits. These observations were further supported by inde- 
pendent determination by Lieut. Thomas E. Buckman, M.C., on the 
blood nitrogen made in connection with studies on creatin and crea- 
tinin (see section devoted to this subject) using ten patients of the 
present series as well as many other patients, a total of fifty. Ina 
series then of sixty-seven observations in fifty-seven cases of chronic 
arthritis the fasting blood nitrogen fell within normal limits in all but 
two cases. One of these patients was a man, aged 46 years, with 
cirrhosis of the liver and renal calculus, who gave 45.4 mg. of nitrogen 
per hundred c.c. of blood. The other patient was a man, aged 21 years, 
with a chronic arthritis of one knee, who gave 38.5 mg. There was no 
other evident disturbance of his health. 


1. Pemberton, R.: Am. J. M. Sc. 147:423 (March) 1914. 
2. Folin and Denis: J. Biol. Chem. 26:473, 1916. 
3. Van Slyke and Cullen: J. Biol. Chem. 19:211, 1914. 
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TABLE 1.—Bioop Urea anp Nonprorern NITROGEN * 











| Nonprotein Urea 
Name Case Date | Nitrogen, Nitrogen, 

Mg. | Mg. 

2 1/22 29.7 13.6 
1 1/9 30.5 14.2 
6 | 1/10-2/6 23.5 12.6 
s | 12/26 27.5 13.1 
7 | 1/10 23.0 13.4 
4 | 1/10 28.2 18.2 
15 1/16 29.3 15.0 
12 1/9 24.6 11.8 
ll 1/6 eats 145 
10 12/31 one 140 
4 1/13 23.5 110 
20 1/29 w.0 14.0 
21 1/31 2778 14.7 
22 1/31 23.0 11.2 
23 2/4 26.3 10.4 
17 1/22 22.3 11.0 
53 3/29 25.0 11.3 








* For further observations on nitrogen of the fasting blood, see the section on creatin, 
Part IV. 


CARBON DIOXID COMBINING POWER OF THE BLOOD 


Studies were conducted in a series of seventeen cases of chronic 
arthritis in respect of the carbon dioxid combining power of the blood 
as an index of acidosis. In three of these cases determinations were 
repeated, making twenty observations in all. In every case the figures 
fell well within normal limits, the lowest being 53 and the highest 67. 
The determinations were made on the blood plasma by Van Slyke’s 
gastometric method. Cases 6, 8, 7, 4, 10, 14 and 22 of this series 
showed advanced disease. 


TABLE 2.—PtasMaA BICARBONATE 














COs COs 
Name Case Date Volume | Date Volume Remarks 
per Cent. per Cent. 

i nntksonncont 2 1/22 64 eq es Great bone atrophy 
aa 1 12/30 64 Severe type 
| REALS 6 12/26 57 Severe type 
CL eee 8 12/26 65 Severe type 
eer 9 12/26 64 Mild type 
Sbweddddoadaneen 7 1/0 53 ) Severe t 
0 es 4 1/0 a4 | ° ' Quite severe 
Studebaker........... 15 116 64 ° Quite 
i iindishensvemeks 12 9 65 Intermittent type 
PE inantcscwoswhes ll 1/2 ao 16 62 Mild type 

pecbeceeseneucs 10 12/31 61 1/2 59 Severe type 
i ccededdcoenened “4 1/13 58 type 
i isdciveccondeds 20 1/29 67 | Severe type 
Whittington. 21 1/31 67 Quite severe 
Oberg... 2 1/31 50 24 67 Severe type 
O’Brien..... 23 2/4 58 | Severe type 
ae 17 1/22 61 Mild type 





4. Van Slyke: J. Biol. Chem. 30:397, 1917. 
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THE CALCIUM OF THE CIRCULATING BLOOD 


In view of the known absorption and deposition of lime salts in 
chronic arthritis affecting the osseous tissues, it was thought interest- 
ing to include observations on the calcium in the fasting blood in 
various types. There can be little question that in the processes which 
result in atrophy or overgrowth of bone there is a disturbance of the 
normal calcium balance between the fixed and the fluid tissues and 
possibly of the total body balance as well. Goldthwaite, Painter and 
Osgood® have reported a loss of calcium in the cases of atrophic and 
hypertrophic arthritis studied by them. It was not practicable, how- 
ever, to conduct calcium balance determinations in the present series. 
Clinically, cases and types of arthritis differ markedly in respect of 
the absorption or deposition of bony tissue, and dependable variations 
of the blood calcium might be of value for differential diagnosis or 
classification. Observations were accordingly made on the blood cal- 
cium under fasting conditions by means of Lyman’s nephelometric 
method.* Ten cases were studied, and the results obtained were found 
to fall with surprising uniformity within normal limits, corresponding 
well with other determinations made in the same laboratory on other 
types of disease and on healthy individuals. The cases studied were 
mostly of great severity, although three patients of the series repre- 
sented milder types. 


TABLE 3.—Btoop Catcium 











Calcium, 
Name Case Date Mg. per 100 Remarks 
ce. 
4 4/8 7.1 Severe 
7 4/8 7.3 Convalescing 
69 4/8 7.3 Moderate 
6 4/8 7.2 Severe 
21 4/9 6.5 Moderate 
7l 4/9 7.2 Severe 
62 4/233 7.3 Severe, intermittent 
22 4/28 7.2 Severe 
55 5/1 7.3 Mild 
48 5/ 3 7.1 Improving 














THE TOTAL FAT AND CHOLESTEROL OF THE FASTING BLOOD 


A considerable field of investigation has been opened up of late in 
connection with the blood fats and cholesterol and their relation to 
metabolism ; more particularly since the introduction of Bloor’s simpler 
analytical methods. There has been made possible the accumulation 
of data in a variety of pathologic conditions tending to place certain 


5. Goldthwaite, Painter and Osgood: Am. Med. 7:547, 590 (April 2 and 9) 
1904. 
6. Lyman: J. Biol. Chem. 29:169, 1917. 
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phases of the metabolism of fat on a basis analogous to that obtaining 


with the nitrogen and urea of the blood. Apart from the desirability, 
on general grounds, of utilizing these methods in studying the metab- 
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Chart 1—The salt and water output for normal persons and arthritis patients. 


olism of arthritis, such considerations were given added relevance by 
the evidence at hand regarding blood nitrogen, blood sugar and the 
influence of a reduced diet in this disease (see sections devoted to 


these topics). Studies were, therefore, conducted on the total fats 
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and cholesterol of the fasting blood, using the method of Bloor.’ 
Determinations were made on fourteen subjects, but gave, as Table 4 
shows, results which fall within the rather wide range attributed to 
normal values. All degrees of severity of the disease were represented. 


TABLE 4.—Btoop Lipoms 














| | | Total Fat Cholesterol 
Name Case Date — 

| Blood, Plasma, Blood, Plasma, 
| | per Cent. per Cent. per Cent. per Cent. 

| 1/19 0.668 0.738 0.165 0.1387 

1/10 0.616 0.680 0.008 0.082 

| 1/10 0.381 0.465 0.079 0.072 

| ao | 0400 0.410 0.080 0.075 

1/9 | 0.630 0.690 0.144 0.109 

1/6 0.420 0.600 0.078 0.077 

1/ 6 0.360 0.483 0.1% 0.101 

1/13 0.416 0.440 0.108 0.097 

1/29 | 0.410 0.460 0.087 0.067 

2/4 | 0.378 0.438 0.008 0.075 

2/4 0.418 0.44 0.073 0.070 

5/ & 0.380 0.420 0.086 0.068 

/5 0.415 0.448 0.090 0.01 

5/ 5 0.432 0.450 0.095 0.070 











THE RENAL FUNCTION 


Until the rdle frequently played by focal infections was appreciated, 
it was long the custom, and still is in many quarters, to attach chief 
importance to the stimulation of all eliminative functions, particularly 
those of the skin, as factors in the therapeusis of arthritis. It cannot 
be denied that there is evidence that such measures play a useful, if 
limited, rdle, especially in combination with other measures, in cases 
tending to improve and those in which the basis is laid for con- 
valescence. Their importance per se, however, has possibly been 
somewhat overestimated. They rarely remove the cause of the disease, 
and the results attributed to them are sometimes referable to other 
incidental or intended factors. It is further possible, or even probable, 
that the measures necessary to promote elimination through the skin 
depend for their beneficial effect on factors of which the sweating 
per se is largely an incidental consequence. Efforts at increasing elim- 
ination by copious drinking of water, and even by active purgation, 
have also had large emphasis at many hands, and one patient in the 
present series had lost 20 pounds in weight from active daily catharsis 
long continued. The value of compensatory elimination through the 
skin and bowels in certain nephritic states cannot be doubted, and long 
ago suggested itself as possibly of value in arthritis. Whether its 
benefits in arthritis depend on the inability of the kidney to perform 
its normal functions properly, however, has been the subject of only 
a limited amount of study. 


7. Bloor: J. Biol. Chem. 17:377, 1914; 28:317, 1915. 
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Evidence adduced by one of us* (see also chapter on blood 
nitrogen) as to the renal function in arthritis, when measured by the 
phenolsulphonephthalein test and the urea and noncoagulable nitrogen 
of the blood, has indicated no departure from normal as far as these 
tests are concerned. It seemed advisable, however, to examine the 
question of renal function from another angle in view of the excep- 
tional number of subjects and their relative freedom from the factors 
of later life which might cloud the issue. 

No attempt will be made here to weigh the values of the various 
tests of kidney function or their worth in indicating the nature of the 
underlying pathology. Suffice it, that of the several methods, the 
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Chart 2.—The curves of sugar tolerance in eight normal individuals. The 
ordinates are percentage concentrations of blood sugar, the abscissae are time 
periods of one half, one, two and three hours, respectively. The black trans- 
verse line in this and the following charts corresponds to a percentage sugar 
concentration of 0.150 and is at the approximate upper limit of normality after 
feeding 100 gm. of glucose. The glucose was ingested immediately after 
determination of the first point on each curve. The second point was deter- 
mined one-half or one hour, generally one-half hour, after the first. 


method depending on the renal test meal of Hedinger and Schlayer, 
modified by Mosenthal’ probably gives the earliest indications of 
diminished kidney efficiency, and, in addition, has not been applied 
hitherto to the study of arthritis in any large way. This test depends 


8. Pemberton, R.: Am. J. M. Sc. 147:423 (March) 1914. 
9. Mosenthal and Lewis: J. A. M. A. 67:933, 1916. 
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on the eliminative response of the kidney to approximately constant 
amounts of water, salt and nitrogen ingested in a generous mixed 
dietary of about 2,100 calories. We, therefore, adopted this test as a 
further means of studying the renal function in a considerable series 
of arthritics and normal individuals, and followed, with a few modi- 
fications, the directions laid down by the authors. 
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Chart 3.—The lowered sugar tolerance in severe arthritis. 
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At 8 a. m. the patient emptied the bladder and was then given 
breakfast; the urine was then collected in two-hour periods up to 
8 p.m. The midday and evening meals were taken at 12 noon and 
6 p. m., respectively. The night urine from 8 p. m. to 8 a. m. was 
collected in one specimen. The urine was examined in the usual way 
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for volume, specific gravity and chlorids, and the total nitrogen was 
determined on the composite twenty-four-hour amount. ' 

During the day of the test the patient was required to keep as quiet 
as possible, and all medication and physiotherapy which might vitiate 
the results were omitted. The patient was watched carefully, and 
results were discarded when there was suspicion that the patient did 
not follow directions closely. The diet administered was prepared by 
trained dietitians in the diet kitchen.** Its composition is indicated in 
Table 5. It corresponds to the so-called “high” protein diet used by 
Mosenthal, although he has indicated that certain characteristics, as 
shown “by the specific gravity of all the specimens and the volume of 
the night urine, are present regardless of the diet and may be regarded 
as the normal standards by which to judge similar tests in abnormal 
individuals.” *° 

TABLE 5.—Test Diet 











Protein, | Carbo- Fat, Salt, Fluid, 





























Foodstuff Quantity Gm. hydrate, Gm. Gm. C.e. Calories 
Gm. 
Boiled oatmeal...... 100 gm 2% | 150 0.0 an outers 63 
es nase 10 gm. éonet | 10.00 ebane ese eeeee 41 
Pthisrsesereesooens 270 ¢.c. 9.28 | 13.50 11.00 one 270 198 
Bread...... alti 60 gm. 5.52 | 31.86 0.90 a mn 180 
Butter....... os 20 gm. 0.20 16.75 Swece ee wcewe 1s 
bavesocv ene anil 2.3 gm. eeote : esace 2.3 
ESSE 180 ¢.c. onese i ieaen Joanie one 160 
WEG cc ccc sccccccves 200 cc. : | eve o eee oe 200 
| 
Meat soup. osene 180 ¢.c. ai ST dee — 
Beefsteak........... 109 gm. 27.40 al 7.70 185 
TE amie’ 130 gm. 3.77 32.07 0.20 140 
100 gm. 0.70 20 1.00 21 
@ gm. 5.32 31.86 0.50 ooo cesses 18) 
2 gm. 0.2 16.75 os | ites 138 
1 gm. woned | 10.00 eee on eens 41 
® ¢.c. 0.64 1.00 os eee ccses 4 
100 gm. 646 | 23.80 5.04 om Saou 179 
25) ©.c. ae es ecece eve 250 
189 ¢.c. — | anes owes ese 180 
2.3 gm. eecee aeons occee 23 
2 each a 12.00 nee sone 1% 
60 gm. 5.52 31.86 0.80 eee eeeee 1” 
20 gm. .20 sade 16.75 as sds 1s 
189 ¢.c. oesce eeeee — ove 180 
10 gm. cee | 10.00 mie: we a 41 
20 ¢.c. Om | 1.00 0.30 ove oteee lk 
300 ¢.c. | ovees 300 
RS GM. |  csece 2.3 
82.2 212.5 91.7 eee 1,720 2.084 
(13 gm. N 





It became early apparent, in studying small departures from the 
normal, that it was desirable to establish our own standards of 
normality under the local conditions presenting, and we, therefore, 
conducted observations under identical circumstances on a series of 


%. Appreciation should be expressed for the skilful cooperation of Miss 


Martha Ziegler. 
10. Mosenthal: Arch. Int. Med. 22:770 (Dec.) 1918. 
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nine presumably normal men mostly from the medical corps attached 
to the hospital. These individuals were intelligent and trained sub- 
jects accustomed to careful cooperation. 






TABLE 6—Mean Water ann Sact Excretion sy Pertops * 








































| Water, C.c. Salt, Gm. 
Period 
| Normal Arthritie Normal Arthritic 

8-10 118 101 1.00 1.02 
10-12 143 | 117 1.79 1.45 
12- 2 161 174 1.64 1.56 
24 165 | 124 1.59 1.37 
4-6 119 111 1.41 1.20 
6-8 179 132 1.36 0.92 
8-10 391 “41 4.33 3.83 
Total 1,279 1,201 13.12 11.36 











* The normal figures are based on the mean figures for nine cases. The arthritic figures 
are based on the mean figures for thirty cases. 








Examination of the results of this test reveals that individual cases 
of arthritis occasionally show low outputs of water for the twenty-four- 
hour period, and sometimes retention of salt and nitrogen. The mean 
water output of twenty-nine arthritics shows a normal total volume of 
1,200 c.c.; the mean salt output shows an approximately normal amount 
of 11.36 gm., and the mean nitrogen output shows an approximately 
normal amount of 11.1 gm. The rather wide range allowed to nor- 
mality makes it difficult to attach importance to small departures from 
it. Comparison of these figures with analogous figures obtained from 
the normal cases studied under similar conditions, however, shows on 
the part of the arthritics a mean water output of about the same 
volume as the normals, a mean nitrogen output slightly smaller in 
amount, 11.1 gm., as against 12.2 gm., and a rather lower mean salt 
output of 11.36 gm., as against 13.12 gm. for the normals. The chart 
represents this graphically.’ 

The percentage salt concentration for arthritics as compared with 
normals is less in four of the seven periods of the test. It is greater 
in two and practically the same in one. The amount by which it is less 
than in the normal cases is most marked in the night urine. The 
specific gravity is generally high. The maximum specific gravity is 
always above the minimum figures of from 1.018 to 1.020 accorded to 
normals under the conditions of the tests. The work of Mosenthal 
indicates that the variation in specific gravity for normals should be 
greater than 9 degrees. The variation of the specific gravity is less 
than 9 degrees in nine of the twenty-nine tests, but Mosenthal empha- 
sizes that this is of little or no significance if the specific gravity is 
above 1.010, as was the case in every instance. In three of these cases 
the variation was more than 9 degrees when the test was repeated. 












10°. This and the following charts were prepared by Sergt. Meyer Bodansky, 
M. C., U. S. Army. 
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The variation was less than 9 degrees in Case 22, Case 53, Case 52, 
IV /2 (not corroborated in test of IV/3), Case 71, 1V/2 (not corrob- 
orated in test of V/2), Case 57, 1V/17 (not corroborated in test of 
IV /29), Case 48, Case 46, Case 55 and Case 62. One normal control 
gave a variation of less than 9 degrees, with a high specific gravity. 
The volume of the night urine was less than 750 c.c. in all cases but 
one (Case 56), but in this instance the specific gravity and other ele- 
ments were all normal. Severe cases of advanced type may repeatedly 
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Chart 4.—Lowered sugar tolerance in arthritis of moderate severity. This 
chart and Chart 5 tend to show that the lowered sugar tolerance is somewhat 


proportional to the severity of the arthritis. Most of the curves are impor- 


tantly lower than in Chart 2. 


give figures by whatever standards entirely within normal limits as 
respects all elements of the test. (Compare Case 14, March 11 and 
April 28; Case 7, Case 6, Case 52, Case 46 and Case 60.) 
Observations were also conducted on the phenolsulphonephthalein 
elimination, but the results were all normal and coincided with the 
normal figures for this test previously recorded."* Hanzlik,’? in study- 


11. Pemberton, R.: Am. J. M. Sc. 147: 423 (March) 1914. 
12. Hanzlik: J. Pharmacol. & Exper. Therap. 9:263 (Feb.) 1917. 
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ing the salicylates, has found phenolsulphonephthalein values ranging 
from 55 to 75 per cent., and has concluded that renal functional eff- 
ciency is quite as good in the rheumatic as in the normal individual. 

The above findings should be weighed in connection with the 
estimations of blood urea and noncoagulable nitrogen which were in a 
large series, with two exceptions, entirely within normal limits, as 
noted under the section dealing with this topic. 

Of the more than 400 cases of arthritis studied by us in which all 
types and degrees were represented, only six patients had a true 
nephritis. The factors making for nephritis under conditions of war- 
fare need no emphasis here, and sufficed to account for these cases. 

It is to be noted, that whereas the average fasting level for blood 
sugar for the whole group of arthritics is slightly higher than that for 
normals (0.115 per cent. as against 0.109 per cent. or lower), the 
fasting level of blood urea and nitrogen for arthritics is the same as 
for normals. It would perhaps be of some value to conduct urea 
feeding tests comparable to the glucose tolerance tests with examina- 
tion of the level of blood nitrogen and urea at frequent intervals after 
ingestion. It is to be doubted whether the disturbance which affects 
the utilization or removal of the glucose of the blood stream described 
in the next section, is confined in its influence to carbohydrate alone. 
There are reasons for believing it to be the expression of a widespread 
function in which the fats and, possibly in some degree, the nitrogenous 
elements may be involved. 


TABLE 7.—Totat Urinary NITROGEN 


Arthrities Normals 

















OS 13.6 Langenberger 10.2 BE ncsceccscnccceece 4.2 
Hetherington.......... 14.7 Tingue 10.7 in tire tnnnwewdees 14.8 
Ol 12.4 McIntyre 10.3 PD asesseenwesceue 11.7 
Bin tsanceves 12.8 haney » Be cb sx6ornenareter 12.9 
Langenberger.......... 10.5 Crawford 7 is Nnukienocien 11.5 
| 12.3 7.2 SE vkkhine shesesnns 12.3 
DE cial vaiieeketen 9.4 SATE SRR 11.9 ee 10.6 
ll eer 11.4 i rittctcckesneaen 12.4 

aks tariseccncwese 14.0 Ey 7.9 

Mean (of 18) 11.1 Mean (of 7) 12.2 





To summarize: Charts constructed to show the response of 
arthritics, as compared with normals under similar conditions, to the 
so-called nephritis test meal indicate a very slight lag in the elimination 
of water, nitrogen and particularly of salt. This is hardly to be 
appreciated when viewed only in the light of the rather widely varying 
figures ascribed to normals at large. It seems fair to conclude in con- 
junction with the normal values found for urea and nonprotein 
nitrogen of the fasting blood that there is no marked dislocation of 
renal function in chronic arthritis, though this function may be slightly 
lowered in some cases. 
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TABLE 8&—Data as To Votume, Speciric Gravity, Soptum CHLOorRID 
AND NitrRoGEN IN INnpiviuaAL CASEs 



































Name | Date | Time Volume, | Specific NaCl NaCl Total N, 
C.c. Gravity per Cent. Gm. Gm. 
GRR. < co vecesesscnses 2/26 8-10 a. m. 82 1.082 0.99 0.74 
10-12 a. m. 140 1.083 0.89 1.24 
12- 2 p. m. 56 1.085 1.06 0.50 
2- 4p. m. 118 1.034 1.20 1.42 
4+ 6p. m. 157 1.028 0.36 1.34 
6- 8 p. m. 55 1.039 0.98 0.54 
Night* 354 1.033 1.06 3.75 
es ee eee 962 9.62 
, eee 3/20 8-10 a. m. 121 1.026 0.86 1.04 
10-12 a. m. ad 1.085 1.30 1.20 
12- 2p. m. 356 1.020 0.41 14 
2 4p. m. 156 1.080 0.36 1.33 
+ 6p. m. 4 1 0.96 0.99 
6- 8 p. m. 262 1.021 0.49 1.28 
Night 490 1 0.67 3.29 
BOOM cccccccccssee] seco | scescdeccs 1,571 . 10.48 
Bice ccansoqnesesves 3/5 8-10 a. m 60 1.081 1.40 0.34 
(Omitted from 10-12 a. m ad 1.035 1.71 1.57 
average) 12- 2p. m. 63 1.042 147 0.98 
2- 4p. m. 108 1.085 1.23 1.23 
4 6p. m. _ 9 1.038 1.20 1.08 
6 8p. m 51 1.087 1.16 0.50 
Night 297 1.083 0.81 2.41 
, ee ance | éniebeees 760 veges pane 8.74 
McGrann......... 2/5 8-10 a. m. 174 1.016 0.28 0.49 
10-12 a. m. 18) 1.019 0.52 0.94 
12- 2 p. m. 300 1.019 0.57 171 
2- 4p. m. 142 1.080 1.066 151 
4- 6p. m. 14 1.030 1.05 151 
6 8p. m. 163 1.021 0.42 0.69 
Night 321 1.030 0.50 1.64 
WUOER. cccccccccsses] vsee | sesesesss 1,431 8.49 
BREE... ceccccccesscesse 2/5 8-10 a. m. 380 1017 0.48 1.72 
10-12 a. m. 295 1.018 0.735 2.17 
12- 2p. m. 340 1.017 0.40 1.36 
2- 4p. m. 95 1.030 0.90 0.86 
4- 6p. m. 1m 1.229 0.98 1.00 
6 8p. m. 65 1.029 1@ 0.383 
Night 285 1.085 0.92 2.62 
| 
UR, ncevccsecell, ove | ieeteunnen | 1.542 . 10.56 
re 2/5 $10 a.m. | 7 1.027 1.07 0.78 
10-12 a.m. | so 1.085 147 1.18 
12-2p.m. | 130 1.028 1 1.33 
24pm. | 91 1.031 1.00 Ow 
4-6p.m. | 62 1.089 1.2 0.76 
6S8p.m | 212 1.021 0.54 1.14 
Night 325 1.082 1a 3.38 
ee Ce ae ae 6660 973 ° 9.51 
BGM Bicc coccccccccccess 3/11 8-10 a. m. 1m 1.028 1.38 1.36 
10-12 a. m. 142 1.027 1.36 1.93 
12- 2p. m. 19 1.0% 0.93 1.39 
2- 4p. m. 150 1.02% 0.83 1.4 
4 6p. m. 110 1.027 0.93 1.02 
6 8 p. m. 62 1.083 0.77 0.48 
Night 530 1.21 0.58 2.81 
res Berge aa éceee 1,246 10.23 











* From 8 p.m. to § a. m. 
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TABLE 8.—Data as To Votume, Speciric Gravity, Soprtum CHLorip 
AND NitrocGen IN INnprvipvat Cases—(Continued) 


























Name Date | Time Volume, Specific NaCl NaCl Total N, 
| C.c. Gravity per Cent. Gm Gm. 
Rirccdatotannecuntac 3/25 =6|| 0 8a. m. 200 1.0% 1.14 2.28 
10-12 a. m. 12 1.030 1.50 168 | 
12- 2p. m. 116 1.030 1.27 1.47 
2- 4p. m. 158 1.031 1.20 136 | 
4 6p. m. 60 1.025 0.72 0.43 | 
6- 8 p. m. 112 1.030 0.93 104 
Night 100 1.034 1.18 11s | 
TW ccesdancnceast 6 wees  T) ‘esadeanes 855 9.94 
 Ricirtexstecsons 3/5 | 810a.m. 150 1.085 1.69 254 | 
10-12 a. m. 100 1.083 1.88 138 | 
12- 2p. m. 115 1.032 1.9 2.19 | 
| 24p.m. 120 1.087 1.75 2.10 | 
| 4 6p.m. | 80 1.085 1.69 1.35 
| 6 8p.m. 175 1.019 0.63 1.10 | 
| Night ° 515 1.025 0.87 448 | 
ES ED MOS een 1,255 15.64 | 
Mire. Kait.......0.+00- 4/1 | 8&10a.m. 75 1.080 1.00 0.75 | 
| 1012 a. m. 75 1.085 1.48 111 
12- 2p. m. 100 1.033 1.34 1.34 
2-4p.m. | 100 1.033 | 1.24 1.%4 
46p.m. | 48 1.029 1.22 0.59 | 
6- 8p. m. 113 1.082 | 1.28 145 | 
Night 430 1.028 | 114 49 | 
a —— | 
WR icssticccsesssd ‘aeee | sescnesss O41 11.38 
Lt. Lyneh............. 4/2 8-10 a.m. | 4 1.029 1.14 0.62 | 
10-12 a. m. 100 1.029 1.13 1.13 
} 12- 2p. m. 120 1.030 1.26 151 | 
2- 4p. m. 24 1.033 1.35 1.24 
4- 6p. m M41 1.031 1.34 1.89 | 
6- 8p. m. 95 1.030 0.82 0.78 | 
Night 670 1.035 0.92 6.15 | 
ee ee ee 1,272 13.62 | 
| | 
eee | 4/3 8-10 a. m. 93 1.025 1.38 1.29 | 
10-12 a. m. 135 1.026 1.50 202 | 
| 12- 2p. m. 130 1.027 1.40 1.82 | 
2- 4p. m. 110 1.080 1.42 Ls 
4 6p. m. 135 1.028 1.18 1.59 =| 
6 Sp. m. 235 1.020 0.44 1.27 
Night 695 1.023 1.04 7.23 
Rs icuntinvonnns | ant a 1,583 17.06 13.6 
ee 4/2 8-10 a. m. 3 1.081 0.74 0.26 
10-12 a. m. 38 1.084 0.90 0.34 
| 12- 2 p. m. 67 1.083 0.84 0.56 
2 4p. m. 186 1.033 0.36 1.60 
4- 6p. m. 101 1.080 1.36 1.37 
6- Sp.m. 122 1.030 1.46 1.78 
Night 45 1.030 1.64 8.95 
WNT ccccccccctscel sees =| ceccecece 1.004 . 14.36 
SURE ncnncctasveines 4/2 8-10 a. m. » 1.085 1.34 0.67 
| 10-12 a. m. 125 1.035 1.00 2.00 
12- 2p. m. 148 1.085 1.52 2.4 
2- 4p. m. 70 1.040 1.56 1.00 
4- 6p. m. 70 1.040 1.70 1.19 
| 6 Sp.m. 60 1.039 1.64 0.98 
| Night 302 1.039 1.36 4.10 
ee encdsnndiccovs | seeeeeeee 825 12.27 
| 
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* 
y TABLE 8—Data as to Votume, Speciric Gravity, Soprum CHLorip 
AND NITROGEN IN INpbIvIDUAL Cases—(Continued) 
Name Date | Time Volume, Specific Nacl Nacl Total XN, 
C.c. Gravity perCent. Gm. Gm. 
: _— B — 
Hetherington......... 4/3 810 a. m oO 1.028 1s 0.75 q 
10-12 a. m. 175 1.029 1.46 56 
12- 2p. m. 260 1.080 160 | 3.84 
2- 4p. m. 125 1.082 1s | 1.88 
4-6p.m 160 1.083 1.54 2.46 
6 8p. m. 135 1.082 1.48 2.00 
Night 455 1.033 1.40 6.35 
i NE ciccdotsands an aor 1,362 19.84 14.7 , 
’ Ee ee 4/7 $10 a. m 106 1.081 1.76 1.87 
; 10-12 a. m. 1265 1.082 1.92 2.42 
12- 2 p.m. 164 1.081 1.85 3.20 
2 4p.m o 1.087 1.85 1.74 
: 4+ 6p.m 100 1.088 1.92 1.92 
6 8p. m. 150 1.086 1.70 2.55 
i Night 350 1.039 1.54 5.40 
i“ am 
, Re ee maRee gee 1.090 19.10 12.4 
| Bisa anikicciecies 4/15 | 8108. m. 96 1.026 1.55 1.49 
: 10-12 a. m. 98 1.026 1.67 1.64 
: 12- 2p. m. 150 1.028 1.28 1.2 
} 2- 4p. m. 104 1.082 1.31 1.37 
4- 6p. m. 62 1.087 1.43 0.89 
S 6- 8 p. m. 9 1.026 0.89 0.87 
; Night 315 1.030 0.4 2.96 
i Se ee ae ee 922 11.13 12.8 
: Langenberger......... 4/17 8-10 a. m. 73 1.026 0.86 0.63 
y | 10-12 a. m. 75 1.027 0.90 0.68 
2 | 12- 2 p. m. 116 1.026 1.12 130 | 
ey 2- 4p. m. 200 1.025 1.08 2.16 
iy ; 4- 6p. m. 155 1.024 0.86 1.33 
6 8p. m. 242 1.019 0.44 1.07 
q Night 430 1.024 0.66 2.84 
WE ci ntccsnaedl, eed! By See 1,291 10.01 10.5 
cath scuseasncees 4/19 8-10 a. m. M4 1.080 1.24 0.67 
10-12 a. m. 08 1.029 1.40 1.87 
12- 2p.m 242 1.019 0.56 1.36 
2 4p.m 208 1.024 0.82 1.71 
; + 6p.m 106 1.029 1.05 1.12 
6 8 p.m 180 1.012 0.12 0.2 
: i Night 1,056 1.012 0.46 4.86 
: OS ee a OP 1,044 11.28 12.2 
 ; 
; Miss Hickey .......... 4/16 $10 a. m. 98 1.020 1.00 0.98 
10-12 a. m. 120 1.020 1.10 1.32 
12- 2p. m. 216 1.014 0.54 1.16 
2- 4p. m. 172 1.023 1.12 1.98 
4 6p. m. 132 1.021 0.86 1.14 
6 8p. m. 74 1.019 0.49 0.36 
Night 490 1.023 0.64 3.14 
WE, odeccicsaedl “See | “ened 1,300 9.98 94 
; ee a ae 4/28 £10 a. m. 80 1.081 1.42 1.17 
“4 10-12 a. m. 115 1.029 1.52 1.75 
| 12- 2p. m. 145 1.030 1.66 2.40 
' 2- 4p. m. 122 1.026 1.30 1.59 
: | 4 6p.m. 152 1.024 1.00 1.52 
; 6- 8p. m. 180 1.020 0.58 1.04 
H | | Night 265 1.082 0.80 2.12 
LE BIESOOMY. pr re es mp i lus 11.50 1.4 
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TABLE 8—Data as to Votume, Speciric Gravity, Soprum CHLOoRID 


AND NITROGEN IN INprvipvaL Cases—(Continued) 


























! 
Name Time Volume, yaCl Total N, 
C.e. Gravity per Cent. Gm. Gm. 
Lt. Jordan.. 8-10 a. m. 105 1.020 0.28 0.29 
10-12 a. m. 135 1.025 1.0 1.38 
12- 2p. m. 480 1.013 0.28 1.34 
2- 4p. m. 115 1.080 0.98 1.13 
4 6p. m. 100 1.032 1.06 1.06 
& & p. m. 135 1.021 0.48 0.65 
Night 260 1.035 9.70 1.82 
Me ieniancctincth “onan | Sonnentl 1,330 esos 7.67 11.6 
Herron... . ; 8-10 a. m. 9 1 083 1.56 1.48 
| 10-12 a. m. 100 1.082 1.68 1.68 
} 12- 2 p. m. 335 1.019 0.70 2.34 
2- 4p. m. 110 1.027 1.12 1.23 
4 6p. m. 65 1.084 1.06 0.69 
6 8 p. m. 8 1.085 0.94 0.7 
Night 725 1.019 0.76 5.50 
Wee cccceciacseedh “Gers 5 .dusenends 1,510 13.67 124 
| 
PRRs. ce svescessal -10 a. m. 32 1.025 0.24 
| 10-12 a. m. 120 1.026 1.10 
| 12- 2 p. m. 65 1.026 0.34 
| 2- 4p. m. 115 1.0380 1.08 
4 6p. m 60 1.030 0.39 
6- 8p. m 58 1.080 0.27 
Night 410 1.025 4.18 
Weactstcsicceesh, soe | Secuemel sto 7.60 &.1 
NORMALS 
Lynch 8-10 a. m. 122 1.028 1.60 1.94 
10-12 a. m. 174 1.028 1.65 2.87 
12- 2 p. m. 186 1.021 0.92 1.71 
2- 4p. m. 380 1.017 0.62 2.23 
+ 6p. m. 182 1.024 1.04 1.89 
6- & p. m. ze 1.021 86 1.74 
Night 315 1.081 0.76 2.85 
Total cons wate | sbepenind 1,601 15.23 
Jones. ond 8-10 a. m. 45 1.087 1.22 0.60 
10-12 a. m. 87 1.085 1.66 147 
12- 2 p. m. 170 1.081 1.20 2.01 
2 4p.m. 180 1.030 0.96 17 
+ 6p. m. 116 1.036 1.36 1.65 
6- § p. m. 276 1.018 0.46 " 
| Night 440 1.032 1.20 
_ ee aorieg aaoeeeehs 1,317 
Bollman... oa &-10 a. m @2 1.085 0.90 
| 10-12 a. m. 102 1.037 1.47 
2- 2p. m. 174 1.080 1.63" 
| 2- 4p. m. 116 1.086 1.55 
4- 6p. m. 72 1.041 1.43 
6- &p. m. oF 1.040 147 
Night 295 1.040 1.16 
ncccciveosvsedl eet0 «5 sapnddnes 912 12.9 
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TABLE 8.—Darta as to Votume, Speciric Gravity, Sopium CHLorip 
AND NITROGEN IN INpIvipvUAL Cases—(Continued) 
NorMats—C ontinued 






























































Volume, Specific Nacl NaCl | Total N, 
C.c. Gravity per Cent. Qm. Gm. 
pS 8-10 a. m. 106 1.081 1.76 1.87 
10-12 a. m. 126 1.082 1.92 2.42 
12- 2p. m. 164 1.081 1.85 3.20 
2- 4p. m. o 1.087 1.85 1.74 
4- 6p. m. 100 1.088 12 1.92 
6- 8p. m. 150 1.086 1.70 2.55 
Night 350 1.089 1.54 5.40 
Oe: i re Bere eer 1,090 19.10 12.35 
iad vandecese 4/16 8-10 a. m. 185 107 «|| «(0.40 0.74 
10-12 a. m. 225 1.021 0.62 1.40 
12- 2p. m. 330 1.015 0.28 0.9 
2- 4p. m. 275 1.020 0.70 1.98 
4- 6p. m. 165 1.084 0.94 1.55 
6 8p. m. 310 1.017 0.40 1.24 
Night 380 1.082 1.18 4.48 
adeaneees 1,870 12.26 12.4 
ee ° 8-10 a. m. 95 1.022 0.34 0.32 
10-12 a. m. 120 1.029 1.04 1.25 
12- 2p. m. 83 1.081 0.98 0.82 
} 2- 4p. m. 130 1.0380 1.32 1.74 
| 4 6p.m. 130 1.028 0.88 1.14 
| 6 8p.m. 190 1022 | 0.50 0.75 
| Night 325 1.082 | 1.12 3.64 
ES er | oY eantenitind 1,033 nid 9.66 118 
Dia bccnccstcacs | 8-10 a. m. 1.020 0.62 1.80 
| 10-12 a. m. 175 1.025 1.12 1.98 
| 12- 2 p. m. 75 1.083 0.98 0.74 
2- 4p. m. 105 1.084 1.14 1.20 
6 p. m. 140 1.081 1.30 1.82 
6- 8p. m. 170 1.085 0.99 1.53 
| Night 1.080 0.92 3.54 
| ae ae ee 1,340 : 12.50 14.2 
di ncicsctenks 4/18 8&-10 a. m. 48 1.082 1.4 0.74 
0-12 a. m. 108 1.083 1.70 1.84 
12- 2p. m. 168 1.081 1.60 2.72 
2- 4p. m. 104 1.082 1.42 1.48 
4- 6p. m. R 1.040 1.56 1.4 
| 6- 8p. m. 128 1.086 1.37 1.75 
| Night 57 1.026 1.14 6.6 
ee o © ° epenesnen 1,230 16.47 11.7 
Swenarton............ 5/10 &10 a. m. 190 1.07 0.98 147 
| 10-12 a. m. 195 1.080 1.00 1.95 
12- 2p. m. 250 1.021 0.54 1.35 
| 2- 4p. m. 130 1.080 0.70 0.91 
4+ 6p. m. 100 1.082 1.06 1.06 
6- 8 p. m. 240 1.020 | 0.6 0.62 | 
Night 510 1.02 | 0.64 3.26 
ee ae ee 1,575 10 62 13.5 
TABLE 9.—Percentace SALT CONCENTRATION OF ARTHRITICS AS 
CoMPARED WITH NorRMALS 
Period Normal Arthritie 
0.85 1.01 
1.25 1.%4 
1.02 0.89 
0.96 1.10 
1.18 1.08 
0.76 0.70 
1.11 0.87 
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THE BLOOD SUGAR™ 


It has been shown by one of us" that there is in a considerable 
percentage of cases of chronic arthritis a definite relation between the 
intake of food on the one hand, and the incidence or perpetuation of 
symptoms of the disease on the other. This relation is best illustrated 
by the fact that the institution of a reduced diet in appropriate cases 
may be followed by marked benefit. Of the three foodstuffs, the evi- 
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Chart 5.—The sugar tolerance in mild arthritis. 








dence at hand, although not yet complete, has indicated that carbo- 
hydrate is most concerned in this connection. It became pertinent, 


13. In addition to a report as a whole of the present studies on arthritis in 
the army, made before the Section on Medicine of the American Medical Asso- 
ciation, Atlantic City, N. J., June 12, 1919, the findings regarding the blood 
sugar were reported in fuller detail than was possible before the American 
Society for Clinical Investigation, Atlantic City, N. J., June 14, 1919. 

14. Pemberton, R.: The Metabolism and Treatment of Rheumatoid Arthritis, 
Am. J. M. Sc. 183:678 (May) 1917. 
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therefore, to determine, if possible, in the present large series, whether 
there is a difficulty in the metabolism of carbohydrate, and to this end 
studies were carried out in sixty cases of arthritis on the fasting level 
of the blood sugar and on the response of these cases to the so-called 
glucose tolerance test. 

Jacobsen** published studies on the effects of foodstuffs on the 
blood sugar, using the microchemical method of Bang. Adopting the 
principle of this method, but directing it toward the study of the car- 
bohydrate tolerance in a variety of conditions, and using the Lewis- 
Benedict method for blood sugar as being better adapted to clinical 
use, Hamman and Hirschman” opened up an important field of inves- 
tigation. Janney and Isaacson*’ and others have also contributed to 
this subject, until there has grown up a considerable and increasing 
literature devoted to it. The earlier method of determining sugar 
tolerance by estimations of the urinary sugar only has now been sub- 
stituted by a combination of the two methods. One hundred and nine 
glucose tolerance tests were conducted by us in the present series, 
apart from a considerable number of isolated observations on the 
fasting blood sugar. 

TECHNIC 


The Benedict ** modification of the Lewis-Benedict ** method for 
blood sugar was used exclusively. It has, on the whole, proved very 
satisfactory and well adapted to use in a long series of cases. It may 
be applied either to whole blood or plasma, but in the analysis of whole 
blood, certain precautions must be observed to insure removal of 
interfering substances or results will be obtained which are too high. 
In the picric acid-sodium picrate solution used for precipitation of 
the blood protein, the free picric acid alone removes the protein and 
other interfering substances. The amount of free picric acid is suffi- 
cient to clarify the plasma perfectly, but often it is not enough for 
whole blood which contains more protein. The concentration of free 
acid in the picric-picrate solution, therefore, must be increased in 
working with whole blood. This point was noted by Benedict in a 
recent paper.” In the present studies this trouble was encountered 
and remedied independently of the above publication in substantially 
the same way that Benedict employed; namely, by the addition of two 


15. Jacobsen: Biochem. Ztschr. 56:47, 1913. 

16. Hamman and Hirschman: Arch. Int. Med. 20:761 (Nov.) 1917. 
17. Janney and Isaacson: Arch. Int. Med. 20:160 (Aug.) 1918. 

18. Benedict, S. R.: J. Biol. Chem. 34:203, 1918. 

19. Lewis and Benedict: J. Biol. Chem. 20:61, 1915. 

20. Benedict: J. Biol. Chem. 37:503, 1919. 
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drops of 1:2 hydrochloric acid before diluting to 25 c.c. with the 
picric-picrate solution.** 

The glucose tolerance test was conducted according to the method 
of Hamman and Hirschman :** 

On the day of the test the patient eats no breakfast. 

At 8:30 a. m. samples are obtained of the blood and urine, and the 
patient is given 100 gm. of glucose in 200 c.c. of water. 

At 9:00 a. m. samples are obtained of blood and urine. 

At 9:30 a. m. samples are obtained of blood and urine, and the 
patient is given 200 c.c. of water. 
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Chart 6.—The sugar tolerance in convalescent arthritics. In 74 per cent. 
of these cases it was normal. 


At 10:30 a. m. samples are taken of blood and urine and the patient 
is given 200 c.c. of water. . 

At 11:30 a. m. samples are taken of blood and urine. 

The importance of taking the blood on the half hour after the 
administration of glucose should be emphasized. In the normal man 


20°. The question of the rdle played by creatinin in this reaction as pointed 
out by DeWesselow (Biochem. J. 13:148, 1919) and others hardly enters here 
as the contrasts under consideration are frequently very great, they follow 
immediately on ingestion of glucose and are controlled by fasting levels pre- 


viously determined. 
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this period yields the high point in the curve, the reaction is frequently 
complete at the end of one hour, and in many cases of slightly lowered 
tolerance the half hour point affords the only characteristic data. 
Many of the curves show a drop below the normal level at the end of 
the test, several cases yielding blood and plasma sugar as low as 0.065 
per cent. at the end of the third hour. 

In the present series the renal threshold for glycosuria fell between 
0.17 per cent. and 0.18 per cent., which agrees with the values found 
by others for the normal kidney, and is something of an argument for 





Bare 


onse 


a 








o.470F 


01s 


O45 


2.875) 


os 2 hr She athe af. 














Chart 7—The striking contrast after fourteen days in the sugar toler- 
ance of a severe arthritic who made an abrupt convalescence following 
tonsillectomy on March 14, 1919. 


the normality of renal function in arthritis, as the threshold may be 
much higher in true nephritis. 

On beginning our work it was soon appreciated that it was neces- 
sary to establish our own standards of fasting blood sugar and of 
glucose tolerance among normal individuals in view of the possibility 
that local conditions might influence our results, and, therefore, we 
conducted a series of tests on nine presumably normal persons. The 
results were found to fall well within the limits indicated by other 
workers in this field, but as our technic became perfected, we found 
that the average values were lower than those which we first obtained. 
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Chart 2 shows the curves obtained in eight normal individuals. 
The values range from an average fasting level for eleven normals of 
0.109 per cent. to an average high point for five normals of 0.140 per 
cent. at the end of the half hour. The fasting level of sugar for the 
whole blood in our series falls near the upper limit of the range 
accorded to normality by Janney and Isaacson ** (0.085 per cent. to 
0.11 per cent.), and is slightly above the level for normals (0.10 per 
cent.), established by Bang.”* 

It is pertinent to note here that single observations on the fasting 
level of blood sugar are open to some disturbance, possibly subjective 
influence, on the part of the person examined, and we were led to 
discard as erroneous not a few figures in cases which further study 
proved to be normal. By and large, the glucose tolerance test appears 
to give results more constantly indicative of conditions disturbing the 
blood sugar than do single observations. Abnormal responses occa- 
sionally follow apparently normal fasting figures and vice versa. 

Glucose tolerance tests were then conducted on a series of chronic 
arthritics, beginning with the worst types, and at once it became 
apparent that there was in most of them a marked difference in their 
response to this test. This led us to extend our observations to a large 
number of cases representative of all types. 

Chart 3 shows the response obtained in cases of severe arthritis, 
and if compared with Chart 2 the marked departure from normal is 
at once apparent. The values range from a fasting level of 0.113 per 
cent. for eighteen cases to an average high point for the same number 
of 0.189 per cent., with many far in excess of this; three being around 
0.250 per cent. at the end of the half hour and hour. In the vexed 
field of chronic arthritis it is sometimes difficult or impossible to dif- 
ferentiate sharply between severe and moderate arthritis because of 
the fact, on the one hand, that disability may be disproportionate to 
the extent or severity of the disease when important joints are involved, 
and, on the other hand, that severe processes affecting joints less 
important functionally may be tolerated easily for long periods. 
Furthermore, accurate classification of the types of arthritis is some- 
times impossible or can be made after the lapse of time only. Thus 
the lowest curve on Chart 3, is probably improperly placed there and is 
that of a case of apparently noninflammatory bone atrophy with edema 
of the soft tissues. This apparent exception was maintained in 
repeated tests, and was reconciled with difficulty until the clinical diag- 
nosis became apparent at a late date. 

An attempt was also made to segregate arthritics into groups of 
severe and moderate, but for the reasons just indicated. this classifica- 


21. Bang: Der Blutzucker, Wiesbaden, 1913. 
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tion can be only approximate. Charts 4 and 5 illustrate this attempt 
and show marked departures from normal in most instances. In gen- 
eral, it can be said that the height of the sugar curve, that is to say, 
the degree to which the sugar tolerance is lowered, is largely propor- 
tional to the severity of the active process per se. Severity of the 
process apparently plays as big a role as does the extent of the process 
in affecting the tolerance. Some of the curves on Charts 4 and 5 fall 
within or only slightly above normal values. In general, these excep- 
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Chart 8.—The contrast in sugar tolerance of a spondylitis patient who 
recovered after the extraction of six teeth. 


tions occur in patients who have passed the zenith of their trouble 
and who show a tendency to convalesce, or they occur in cases in 
which the distribution and severity are limited. No fixed rule exists, 
however, and the parallelism is not exact, although it is surprisingly 
close. In some apparently severe cases there is a normal or only 
slightly disturbed sugar tolerance. It should be borne in mind that 
the glucose tolerance test is merely a gross way of ascertaining devia- 
tion of a function which is probably complex and dependent on factors 
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not understood, and that it is not necessarily adjusted to reflect a 
lowered tolerance in all cases. Furthermore, as just noted, there is 
no absolute standard of severity of the arthritic process. 

A group of twenty convalescent arthritics was then studied. These 
patients were representative of a severe and generally long continued 
arthritis, and at the time were free from symptoms. It was found that 
this group gave curves the average of which was importantly lower 
than the severe or moderate cases, falling with some exceptions (five 
out of nineteen cases) pretty well within long limits. That is, 74 per 
cent. of the group of convalescents gave a normal tolerance. It is 
clear, therefore, that the average curves for the moderate and mild 
cases can be made to vary somewhat according as the cases are 
classified, but by any standards the sugar tolerance tends to return 
to normal as convalescence proceeds. The details of certain cases in 
these several series will be considered later, after discussion of the 
field as a whole. In general, our high curves were marked more by 
the height to which they rose and the abruptness of the rise than by 
their duration at a high level, although there were some noteworthy 
exceptions. By and large, the higher the curve, the slower the return 
to normal, but it is obvious that by increasing the abscissae the curves 
could be made to appear flatter and indicative of a more delayed return. 

On attempting to relate this disturbance to some of the other fac- 
tors known to influence chronic arthritis, we conducted a series of 
determinations on the tolerance during the ill health and convalescence 
of the same individual following various procedures. It was found 
that there was an abrupt change in the sugar tolerance in cases which 
improved after removal of apparently causative foci of infection. 
Thus Chart 7 illustrates in a striking manner the contrast after twenty- 
nine days in the sugar tolerance of a soldier (Case 45) the subject of 
an intense arthritis of long standing in the left hip and foot, who made 
an abrupt and marked convalescence following tonsillectomy. The 
curve showing a normal tolerance was obtained fourteen days after 
the tonsillectomy. 

Chart 8 illustrates the same thing in a man (Case 46) 40 years of 
age, with arthritis and tenderness of the entire spine and changes shown 
by the roentgen ray, who underwent marked clinical improvement after 
the removal of six abscessed teeth. The higher curve was obtained 
March 6, and the lower curve April 15. 


Chart 9 shows curves representing the averages, respectively, of 
two tests taken during ill health, and of two during distinct convales- 
cence in a line officer (Case 1), the subject of a widespread myositis 
and arthritis which had entirely incapacitated him. He had had a pos- 
sible focus in a tooth removed about two months before the first curve 
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was obtained, and was in a stationary condition. Clinically, he made a 
full recovery on dietary lines alone, as described under the section deal- 
ing with dietetic measures. The two averaged curves represent an 
interval between them of approximately two months. 

In the group of convalescents illustrated in Chart 6, it is to be 
noted that these soldiers convalesced in large part in the presence of 
demonstrable surgical foci of infection, which suggests, in the light of 
the*proportion of cases of arthritis at large which show lowered sugar 
tolerance, that the disturbed tolerance may return to normal as the 
patient improves, even without the removal of the focal infection. At 
least five persons giving normal tolerance curves were the subjects of 
demonstrable surgical foci. As noted above, about 26 per cent. of 
convalescent arthritics (five in number) still gave a lowered sugar 
tolerance. Three of these five still had demonstrable surgical foci. 

Chart 10 (Case 50) illustrates a case of chronic but mild arthritis 
of one knee, in an officer with a slightly lowered tolerance, who made 
a slow but definite improvement following repeated injections of non- 
specific protein. He was apparently free from focal infection. This 
chart suggests, but lacking further evidences does not prove, that the 
lowered tolerance was restored to normal by these measures. The 
curves are a month apart. 

Chart 11 (Case 61) represents the curves obtained during an acute 
febrile attack of arthritis in several joints. The highest curve was 
taken before treatment was instituted. The lower was obtained after 
the relief of symptoms by full dosage of acetylsalicylic acid. The 
second curve is lower than the first, but it is probable that the differ- 
ence between them represents nothing more than the limitations of 
the method. It is clear that no important correction of the disturbed 
tolerance took place, though such change as did occur, was in keeping 
with other evidences of the tendency toward the return to normal with 
improvement of the arthritis. Further observations are desirable on 
this point. The lowest curve shows the tolerance at nearly a normal 
level a week after tonsillectomy, when the patient had made a com- 
plete recovery from the arthritis. The dates of the curves from above 
downward are respectively, April 21 and 24, and May 13. 

Another experiment was conducted on the effect of acetylsalicylic 
acid on blood sugar, supplementing the observation made in Case 61 
recorded on Chart 11. Two subjects of advanced arthritis, one 
improving and one stationary, were given 15 grains of acetylsalicylic 
acid under fasting conditions, after which the blood sugar was deter- 
mined at frequent intervals, but as indicated in Table 10 there was 
no change in the sugar level. This is in essential agreement with the 
other experiment just quoted. 
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Chart 9.—The contrast in sugar tolerance before and after convalescence on 

a restricted diet. 
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Chart 10.—The contrast before and after treatment by nonspecific protein 
injections. 
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TABLE 10.—Errect or Acerytsavicytic Acip on Bioop SuGar (Fes. 22, 1919) 








daffy: Case7 Lowe: Case 14 


Blood, | Plasma; | Blood, | Plasma, — 
per Cent. per Cent. | per Cent. per Cent. 











UE bakddovcdoncsndevetpiaedipenadenehivscsesaed 0.101 0.097 0.113 0.118 
SS a a 0.104 0.106 0.110 0.118 
9:22 (15 grains of acetylsalicylic acid to each) 

GT oti 60sasénvcduvceceducesesherentanesanassens 0.108 0.110 0.110 0.110 
EE isébnsicav dstebbsvccubewantgserennds sbneveces 0.108 0.110 0.108 0.112 
BP aw en cpcqnsecenutccwresnqessesacnenederseceeed 0.108 po 0.108 0.112 
GEE vacacnsevevesvcccreccupesdevessestasnshecesses 0.107 0.109 0.110 0.118 











Chart 12 (Case 22) illustrates a distinctly lowered sugar tolerance 
in a case which made striking improvement, because of a sharp dietary, 
in the presence of a surgical focus. This case also will be described 
in detail under the section on diet. The curve next to the highest is 
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Chart 11.—The slight effect of acetylsalicylic acid and the marked effect of 
tonsillectomy in a severe case which recovered. 
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that obtained when this soldier was at the height of his trouble, which 
consisted in almost complete ankylosis of both hips, knees and spine, 


together with great limitation of function in the left shoulder. 


The 


roentgen-ray evidence was widespread and great. The third and fourth 
highest curves were obtained when the soldier had made an emphatic 


TABLE 11.—Arrueitics CLaAssiriep For Purpose oF CHARTING AS FoLtows 











Severe Moderate Mild 
Case 6—Hayes Case 11—Hinman Case 17—Faulkner 

4—McGrann 50—Gibson Wilbert 
45—Barger 3—Blower 44—Brake 
46—Hetherington 12—Boyd 9—Beeman 
48—Jansen 23—O' Brien 51—Lau 
13—Lummis 21—Whittington 55—Cotter 
15—Studebaker 52—Lt. Lynch 79—Cox 
16—Bryce 53—Mrs. Kain 36—Clement (1) 
10—M 54—Miss Anthony 

8—Martin 56—Kearly 

2—Haberle ] 57—Langenberger 

1—Robbins (1 and 2) 50—F landers 
20— Wasson 47—Chaney 

14—Lowe | 60—Herron 

7—Jafty | 
61—Miller 
62—McKenzie j 
22—Oberg 








TABLE 12.—Mean Fastinc Levers ror THE SeveRAL Groups 






































Group No. of Blood | No. of Plasma 
Cases Cases 
Pl cnictdamiceenanessheseretdonne ll 109 1 097 
Convalescent arthritics................ 16 115 21 li¢ 
eee 15 116 13 115 
Moderate arthritics.................... 13 112 11 110 
ATE I 6 115 8 121 
Other pathologic types................ pe Sei 3 118 
TABLE 13.—Sucar Torerance ror NorMALS 
} 
Fasting Half Hour One Hour Two Hour Three Hour 
Name rate s es e es e | 
wl gl Gle gi sl Fligiadl @ lz 
Sisis 3/ 8)/8/812)282/8 
r-) -¥ ) a F-) a --) A a | @ 
Bodansky 12/27 108 —_ 122 092 m 
iieshineks 2/2 110 at 115 124 097 
Edwards......... 12/27 104 138 109 107 099 
i itedensenss 1/3 01 M47 aie 47 115 0s 
ae 1/3 1 158 ee 104 mt 083 
7 Sea 3/14 108 
a 3/14 100 
Oe eee 12/28 112 aii _ 127 ate 115 Pn 115 
ere 1/29 128 ees 138 13% —|iC«di‘CACS. 109 095 ORS 098 088 
Cutshall......... 12/28 122 an cm on | a i 114 Goi 083 
Monahan........ ..... 097 097 120 122 | 08% | 088 | 
Mean of 9....... ..... 109 > fe -E cee OF tf cs 107 097 











* In order to save space, the tables ye the presence or absence of glycosuria for each 
- periods in the following tests are omitted. The threshold value fell between 0.170 
and 0.180. 

















TABLE 14.—Sucar Toverance ror ArTHRITICS 


























Fast- Half Oue Two Three 
ing Hour Hour Hour Hour 
Name | Date | | 
| |g Fy |e 3 & Es 
} } 5 
| TRISTE SE 3 /a 8 aid ia 
2a e1R & BR RB wR RB EF 
BT fh veo | vee - | 188 |... | 185 143 
BED 7 coe Psnn 1 ove | - | 100/| ... | 110 
TD | ose | OD) ne | MB | one | 18 108 
ooo | B70 | 2.0 | IB | 2c | OD - 081 
14 |... | 221 -| mei. 161 - | 182 
coe | SEB | woe | SD] ..e | SO 
ane | ooo l vee | Be | cco | SEB] ace | OW Omitted from aver 
124 | | 
144. | 168 « | SO ... | OB | ... | 1 
coe | MR]... 166 («www «156 sd 
120 | ... | 175 - | 25 | ... | 18 
106 109/198 208 186 4 185 188 186 185 
oo | WOE on - | 150 | ... | WO}... | 10 
aa) 100... | 190 ... | 180... | 1900... 
120~««.. | 175 «175 «147 «©2183 )«2114:«=O107:s_ 080s OHS 
eos | 1B]... e e 188... 67... 107 
toe 142 o | eee o | Be | ove | BAD | woe | OS 
107 110} 130 132 117 | 120 107 «104 098 088 )Enteredon “‘conval- 
118 «(115 /| 169 #167 #120'115 8 Ill 110 108 escent” also 
4 106 106 134 136 004 O8Ff1 ... «... «.. «+ After exercise 
Wittington...... i/8R |... | TO]... | MB! ..- | IB /| ... | MO} 100 
2/4) 123 123 | 17 199 131 12% «4115 «1108 «(O81 6086. 
Wasson.......... 1/29 | 117 115/181 181 189 #136 ~(... 136 
3/8 | 094 100/150 153 144 144 100 100 115 «2115 
EOD Brccescoccees| MAD TMB | 20s | GO| cc | B98 | oes | WD] W. | OO 
2/22; 113 118 
5/11 | 108 «108 | 200 214 167 168 
Se iicsavsccsses] SET ae | BEE E ove | coe | cco | MEE] vce | MB | on | 
2/22 101 OOF 
3/7 10 . 
PFaulkner.......... 1/22 128 122/130 185 140/144 ... | 112 099 07 
Hayes..........--| 12/11) 186 | 0.4] 0 | eee | ove | 178 | «2. | 121 |... | O79 
12/26 123 | 
2/6) ... | 1% 


250 
108 108 | 179 182 18 19 


2/ 7 | 102 
GRicinecsinens BPOE | cue | OP | ace | BB] cee | BD] 101 089 
2/4 114 106 | 238 246 214 239 208 «(067 «(064 
3/ 2 0938 094 | 214 278 204 312 326 268 After fasting 
3/14 102 103 | 169 169 187 190 197 O71 068 
4/2 112 108/181 185 200 48 15% 140 e . Just before tonsil- 


| | omy 
, 5/8) 115 112; 150 158 100 006 ... ... |)... «| A week after ton- 
Hinman..........| 12/ 2 | 135 sillectomy 




















1/ 6 | 123 - | 28)... | 195 102 075 
Te Ridaciccess 2/21 115 | 162 170 +158 «#2158 «2107 ~«(O} 1 100 
| 2/21 | 125 152 | 156 ~=131 129 «2125«©121~=—s«120 
Barger............ 2/27 | 104 100| 179 | 190 182 186 177 181 084 ... | Before tonsillecto’y 
103 103 | 128 | 130 110 111 101 100 OF .., After tonsillectomy 
Hetherington 8/5 122 124 
8/6 115 120/ 188 195 169 167 081 
4/15 141 143 «(114 «(118 ° ° Six teeth out about 
re 3/6 115 117/177 | 181 «158 174 095 (095 4 weeks ago 
Ge esveccesad 8/13 125 125; 173 171 155 150 144 131 O88 O91 
4/11 105 107/127 #131 #107 «#104 o lees t'« ... Protein injection 5 
days ago, feels 
| | better now 
085 086 | 088 100 096 099 081 082 O87 088 
100 100/118 120 120 096 | 095 060 060 
008 | 188 190 116 120 O72 | 065 065 065 
099 o | 376 | ... | TB}... | WO]... | 1 
110 «#108 | 128 129 #116 «#118 «(088 | 08 075 070 
Voces eo} 6 115 117/158 161 091 086 | 081 i 
Langen' ---| 4/15 111 111/172 180 100 004 | 
pieszontess /16 121 123/160 171 16 19 “ . «+» JAlso on convales- 
(after exercise) 4/19 112 111/138 140 111 111 106 { cents 
154 163-155 | 155 
135 141 160 165 135 | 130 
158 (160 #137 «137~«21 123 «6100 «(1M 
188 205 131 121 100 | 006 | 
224 | 230 «4238 «64238 o | ese | ove | ove | Before aspirin 
188 190 214 224 197/192 ... ... Symptoms relieved 
| by aspirin 
| 165 | 128 | 119 | 2.0 | oe | oe | wee | oo | A Week after tonsil- 
4/% | 115 | | } | y 
-| 5/11 | 108 107 | 188 | 194 163 | 163... | wee wee | one a — 
“2 5/18 | 110 | 110 | 210 | 218 } | febrile (101 
4/29 |... | 132]... | 215)... | 198 |... |... |)... |... | Febrile, 1200/2, "ue 
| aspirin 
| ' 














the cases marked with an asterisk were made under the direction of 
M. B. Wishart, who was associated with Capt. F. M. Allen on the diabetic service of the 
hospital. The writers desire to express their obligation for this and other courtesies 
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therapeutic advance following diet. The lowest curve represents the 
return of the sugar tolerance to practically normal limits, following 
the removal of a necrotic pair of tonsils, after he was well on in con- 
valescence and able to walk with crutches. 
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Chart 12.—The lower four curves show the tendency of a lowered tolerance 
to return to normal following improvement under diet and, later, tonsillectomy 
(see text for details). 
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Therefore it seems clear that as cases of arthritis improve, irre- 
spective of the therapeutic measure to which this is due, the lowered 
sugar tolerance tends strongly to a return to normal. It seems to do 
so most rapidly, however, after surgical removal of the causative 
infection. 
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Chart 13.—The persistence of lowered sugar tolerance in chronic cases from 
which all demonstrable foci of infection had been removed. 


Our experience suggests that the sugar tolerance test may some- 
times be helpful to indicate whether all foci have been removed. For 
example, a case of active arthritis of moderate chronicity may fail to 
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improve after the removal of dental foci. If the tonsils in such a case 
are apparently normal, as often happens, the maintenance of a defi- 
nitely lowered sugar tolerance would suggest that foci are still opera- 
tive and presumably in these tissues. Other applications are obvious 
and may later be justifiable, but at present there are too many variables 
to warrant much emphasis, except within narrow limits. It must be 
borne in mind that long standing cases from which all demonstrable 
foci have been removed may retain their lowered tolerance. 


Chart 13 represents high curves obtained in a series of cases from 
which all demonstrable surgical foci had been removed. It is, of 
course, impossible to say that any person is free from a focus of 
infection, and it may be that the high curves of this chart indicate 
greatly lowered sugar tolerance referable to hidden foci. The pre- 
sumptive evidence, however, is to the opposite effect, especially as it is 
well recognized that in long standing cases the removal of foci may be 
followed by less gratifying results, or failure, and it is, perhaps, easier 
to believe that the persons in question have suffered a dislocation of 
physiologic function which persists after the removal, or is independent, 
of focal infection. Thus the high single peak occurred in a soldier 
( Lowe, Case 14) who had been ill more than two years, who had had 
his tonsils removed months before, who had no pathology in his 
mouth or genito-urinary tract, and who had had attention to his sinuses 
as well. This case was very refractory to all kinds of treatment, of 
which he had had thirteen different varieties, including nonspecific 
protein injection, a brief period of diets and hydrotherapy. 


Curve 3 (Br., Case 16) is that of a civilian, 45 years of age, 
studied by permission of the commanding officer. He had been under 
observation for about four years, for the first year or two of which 
he had been examined and treated from every angle for the removal of 
focal infections. Failing relief by all these methods, he made a grati- 
fying improvement, which amounted to recovery, along dietary lines. 
Curve 4 (Hayes; Case 6) is that of another regular army man who 
had been ill about two years. He had been treated at Hot Springs 
and had had his tonsils removed four or five months previous to this 
observation, having at the time no other detectable surgical infection. 
This patient made a 50 per cent. advance under dietary procedures, 
and finally made a complete symptomatic recovery by the continuation 
of these measures, supplemented by potassium iodid, sweats and cod 
liver oil. 

Curve 5 (Jansen; Case 48) was afforded by a case of vertebral 
arthritis. The patient had had a tonsillectomy three months before, 
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and was making a substantial improvement in the absence of other 
demonstrable foci in the mouth or genito-urinary tract. This case was 
of much clinical interest. (For details, see section on “Clinical Con- 
siderations.” ) 

Curve 6 (Lum., Case 13) is that of a woman, 42 years of age, 
studied by permission of the commanding officer, who had been 
exhaustively examined and treated for foci to the point of removing 
her appendix, and an operation for gallstones, which latter proved 
unnecessary. She was at this time suffering from a subacute arthritis.*" 
As a routine measure, and in the absence of any detectable pathology, . 
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Chart 14—Normal and slightly lowered sugar tolerance in normal men with 
enlarged tonsils but no systemic symptoms. 


her tonsils were removed June, 1919. They proved negative for 
Streptococcus hemolyticus, were very small and were apparently not 
potential or actual foci of infection. She was still sick in February, 
1920. 


Case 57 (Langenberger) is another example of the same condition, 
not charted here, and others could be cited. 


21*. This patient kept her symptoms more or less modified by a low dietary, 
which she was led to adopt largely by her own experience. This diet was 
shown later to average about 2,000 calories. The beneficial effect of a very 
low diet or starvation on her symptoms had been repeatedly demonstrated and 
it is planned to report this case in greater detail later. 
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Chart 16 shows the curves obtained from three supposedly healthy 
persons, the subjects of marked tonsillar pathology without symptoms. 
One curve was very slightly elevated above the normal, and the other 
two fell within normal limits. One of these patients showed such 
gross pathology that his tonsils were removed a day or two later as a 
prophylactic measure. The significance of this chart is further borne 
out by the curves in the convalescent arthritics, three of whom were 
the subject of demonstrable surgical foci and yet showed a normal 
tolerance. 

It is important, therefore, to note that, by and large, the dis- 
turbance of the sugar tolerance, as here considered, due to focal infec- 
tion, apparently accompanies the failure of the organism successfully 
to maintain its wall of defense and is apparently restored to normal 
when this defense returns. In this light a lowered tolerance, following 
on a focus, becomes an intermediary, or, at least, a concomitant step 
in the pathology of arthritis and possibly other conditions as well. 

In the course of conducting 109 complete sugar tolerance tests, a 
number of points developed which were of considerable interest, but 


‘ could not be carried to their full development, partly because of 


the closure of the hospital and partly because of the press of other 
work. One of these occurred in connection with Case 22 (Oberg), 
described fully under “Dietary Considerations,” the sugar tolerance 
at various times being graphically portrayed on Chart 12. This chart 
is drawn to a scale different from the others owing to the impossibility 
otherwise of including on it the uppermost curve. 

In the course of the treatment of this soldier he was subjected to a 
sharp fast, amounting practically to starvation, which lasted during 
February 27, 28, and March 1, and until noon of March 2. On the 
morning of March 2, a sugar tolerance test was conducted. At that 
time he showed a moderate starvation acidosis, as indicated by acetone 
bodies in the blood plasma and urine, and a blood carbon dioxid of 
slightly under 50 volumes per cent. Reference to the chart shows 
that although the fasting blood sugar was at about the previous level, 
he showed a very marked intolerance to the ingested glucose, the curve 
rising to about 0.325 per cent. at the end of the second hour, being 
still greatly elevated at the end of the third hour. One other case 
illustrative of the same phenomenon has come to our attention, and it 
appears that the condition of acidosis may be accompanied by a greatly 
lowered sugar tolerance, or may at least further depress an existing 
low tolerance. This point is worthy of further attention. March 14, 
when his acidosis had been relieved by feeding carbohydrate, the sugar 
tolerance fell markedly to a point distinctly lower than it had been at 
any time previously, the highest point on the curve being 0.198 per cent. 
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TABLE 15.—Sucar Toverance ror ArTHRITICS 
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There is in this observation an apparent incompatibility between 
the relief of symptoms, accompanied eventually by a lowered sugar 
curve, following a reduced ingestion of carbohydrate, on the one hand, 
and the greatly heightened curve consequent upon complete starvation 
on the other hand. This discrepancy is more apparent than real, how- 
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Chart 15—The sugar tolerance in miscellaneous pathologic cases. 





ever, as the condition of starvation induces an added pathology of 
its own and otherwise modifies normal physiologic processes.**” 

A lowered sugar folerance is specific for no disease and has been 
noted in a variety of conditions. It has been regarded, however, as 
more or less peculiar to certain conditions and definitely characteristic 


21°. It is planned to discuss this point more fully at a later date. 
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of some of them. It is important that there be recorded the results of 
sugar tolerance tests in as many different diseases as possible, and 
there were, therefore, included in the present study determinations of 
the sugar tolerance in twelve cases of miscellaneous diseases at large, 
as they presented at the hospital. 

Reference to Chart 15 will show the studies and the results of the 
test in each case. The highest curve is that afforded by a colored man 
Case 18 (Muse), with widespread tuberculosis of the periosteum of 
the long bones, of the phalanges and of joints of the hands and feet. 
It is a moot point whether this case does not belong as much in the 
group of arthritics as elsewhere, since he also had secondary infection 
of the exposed and denuded bony surfaces. 

The next highest curve is that in a case of chronic lead poisoning 
with the marked atrophy characteristic of that condition. The next 
highest curve was that of an officer alleged to have arthritis, accom- 
panied by mild neurasthenia, and was accidently included on this chart. 
It is rather noteworthy that Curve 7 and Curve 12 were afforded by 
cases of tuberculous peritonitis and tuberculous pleurisy, respectively, 
the former being only slightly elevated, and the latter well within 
normal limits. The case of tuberculous peritonitis was in a satisfac- 
tory condition of stability, but the case of pleurisy, in an army nurse, 
showed a large effusion in one pleural cavity. The diagnoses of the 
other conditions are noted on the curves. 

Chart 16 is designed to illustrate the relative positions of the mean 
curves obtained from the various groups of cases studied. Reference 
to it shows that the severe arthritics gave the highest curves, the 
miscellaneous pathologic cases the next highest and moderate arthritics 
the next; the mild and convalescent arthritics followed with curves of 
about the same height; the curves in the normal cases being the lowest 
of all. It is to be noted that the miscellaneous pathologic cases were 
studied and recorded as they became available, and that the composite 
curve for them fell by chance in the position indicated. It is probable 
that selection could be made of certain types of miscellaneous path- 
ologic cases which would determine such a composite curve at either 
a higher or a lower level according to the groups chosen. 

It has generally been believed, as Hamman and Hirschman"* point 
out, that, with the exception of disease of the pancreas, disturbances 
of the thyroid are the most common cause of altered carbohydrate 
tolerance. These authors emphasize, however, that even in hypo- 
thyroidism, sugar tolerance shows perplexing combinations, although in 
a general way low in hyperthyroidism, and abnormally high in hypo- 
thyroidism and that individual patients display wide latitude in their 
responses. The same conditions obtain in connection with disturbances 
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of the hypophysis, where similar individual discrepancies occur. Again, 
it has long been known that in nephritis the blood sugar is often 
unusually high. However, as Hamman and Hirschman remark: “It is 
not always high; sometimes it is at the normal level, and why some 
cases have hyperglycemia and others have not, has never been satis- 
factorily explained.” 

It would seem, however, in the light of the evidence herewith 
adduced, that lowering of the sugar tolerance, as exemplified by the 
glucose tolerance test, rests, in part at least, on somewhat more funda- 
mental pathologic processes than has hitherto been suspected. It seems 
to stand in some relation to inflammatory processes at large, and it 
appears from the data adduced herewith, that the incidence of an 
inflammatory process in a healthy person may induce a lowered sugar 
tolerance, that is a high curve.** There can be here instanced the case 
of Meador, a normal man, before and after the onset of frontal sinu- 
sitis. As seen by referring to Chart 2, illustrating the sugar tolerance 
of normal individuals, he there gave a curve (No. 8, Dec. 28, 1918), 
which rose only to 0.127 per cent. at the end of the first hour, and later 
when he was the subject of an acute inflammatory process, he gave a 
curve®* which was at 0.190 per cent. at the end of one-half hour, at 
0.152 per cent. at the end of the first hour and at 0.167 per cent. at the 
end of the second hour. On the other hand, other curves here adduced 
definitely prove that a lowered sugar tolerance of marked degree may 
abruptly return to normal after the removal of a focus of infection. 
This is illustrated in four cases of this series** in such a striking way 
as to be unquestionable. 

It is entirely possible that some departures from normal observed 
in studying nephritis and thyroid and hypophyseal disorders, etc., are 
referable to such agencies as focal infections, and that we may really 
be determining under these circumstances the lowered tolerance due 
to them rather than to the disease primarily under consideration. 

This applies, of course, to the miscellaneous diseases we have 
studied and recorded on Chart 15, and suggested the inexpediency of 
extending such observations unless carefully controlled. Thus the 
high curve (2) afforded by the case of plumbism, for example, may 
have been due to a focus which we did not at that time search for or 
suspect as having any bearing on the result. 

It would seem important, therefore, in studying the carbohydrate 
tolerance of any disease in a given individual, to make sure that there 
is no focus in the field operating to alter the reaction to the glucose 
tolerance test. 


22. A high level of blood sugar in furunculosis has been noted by Gettler 
and St. George, J. A. M. A. 71:2033 (Dec. 21) 1918. 

23. Chart 15, miscellaneous pathologic cases, Curve 4, Jan. 4, 1919. 

24. Charts 7, 8, 11 and 12. 
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Finally, there is called prominently into the foreground the possi- 
bility that other diseases, of which a lowered sugar tolerance is a 
recognized symptom, may originally owe their characteristic feature 
of a lowered tolerance to such factors as causative agents. 

A lowered sugar tolerance, as measured by the glucose tolerance 
test, seems to be a more common occurrence than has been appreciated. 
In view of the demonstrated relation of focal infection to sugar 
tolerance ; in view of the frequency of foci in arthritis and at large; 
in view of the frequency of arthritis as a disease and the frequency 
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Chart 16—The average curves for the several groups of severe, moderate, 
mild and convalescent arthritics, miscellaneous pathologic cases and normals. 





with which it is accompanied by a lowered sugar tolerance, it seems 
necessary to modify the view which ascribes to disturbance of thyroid 
function, next to disease of the pancreas, the most common cause of 
altered carbohydrate tolerance as measured by this test. The thyroid 
or other glands may be involved in the chain starting with focal infec- 
tion, but the glucose tolerance test reflects, of course, only a part of 
the carbohydrate metabolism as a whole, and it is unprofitable in view 
of our incomplete knowledge to speculate much as to its full signifi- 
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cance. It is clear, however, that most arthritic patients are unable to 
remove from the circulating blood, as does a normal individual, the 
carbohydrate which reaches it from the gastro-intestinal tract.” 

Hamman and Hirschman cite one case of rheumatic fever with 
afternoon temperature as high as 101 F., in which there only occurred 
a very slight rise of blood sugar after taking 100 gm. of glucose. 
Opportunity has permitted us to study only a few cases of febrile 
“inflammatory rheumatism,” but the three cases which we observed 
showed a markedly lowered tolerance. One of these has been recorded 
on Chart 11, giving two markedly elevated curves during the course of 
an acute febrile arthritis before and dyring symptomatic control of 
symptoms by acetylsalicylic acid. Another case is illustrated on Chart 
13 (Curve 2; Folden; Case 63). The patient was at that time appar- 
ently free from demonstrable surgical foci and was in the middle of a 
widespread rheumatic exacerbation. This case is described under 
“Clinical Considerations.” The third patient (McKensie; Case 62), 
during an attack of diffuse febrile arthritis with temperature up to 
100.4 F. at the time of the test, gave a lowered tolerance with a curve 
up to 0.215 per cent. This curve is not charted, the figures for plasma 
sugar being: 10 a. m., 0.132 per cent. fasting; 10:30 a. m., 0.215 per 
cent. after 100 gm. glucose; 11 a. m., 0.188 per cent. This case was 
interesting in that the patient had had previous attacks of considerable 
severity, during which he received as many as eleven or twelve injec- 
tions of phylacogens, one injection daily. On admission from the 
command to the hospital, he had been sick and febrile for three days, 
and had had three injections of phylacogens, obtained on his own 
responsibility outside. These were discontinued, and several days 
later the temperature fell to normal under routine treatment. About 
ten days later, during a sick leave, he again became ill in the same 
way, being admitted with diffuse tenderness and fever. He had had 
no phylacogens on this occasion. It was at this time, April 29, 1919, 
that the above test was made. This man had a dental abscess. The 
tonsils and genito-urinary tract were reported normal, and he had a 
four plus Wassermann. 


25. The propriety of withholding large amounts of carbohydrate from some 
such cases finds ample corroboration in the restricted diets discussed in Part V. 
It is suggested that this principle may also have application to some other 
conditions accompanied by this disturbance, in the effort to spare an obviously 
weakened function. 


(Parts IV and V will be published in the April issue.) 














A METHOD OF ANALYZING THE ELECTRO- 
CARDIOGRAM * 


HUBERT MANN, M_D. 
NEW YORK 


The electrocardiogram as generally taken consists of three leads, 
obtained by using the two arms and the left leg as the "contact or 
leading off points. Einthoven' has shown that these three leads bear 
a definite mathematical relationship to one another and has used an 
equilateral triangle to express this relationship graphically. For the 
better understanding of the succeeding parts of this paper we shall 
consider this mathematical relationship and its graphic representation 
at some length. 

The mathematical relationship is expressed by the equation: lead II 
equals lead III plus lead I. This means that the height of the ordinate 
in lead II of the electrocardiogram at any instant is the sum of the 
heights of the ordinates in leads III and I. The reason for this rela- 
tionship can be appreciated if we consider the string galvanometer 
simply as an instrument for measuring differences of potential.* If 
now we wish to measure the difference of potential between the right 
arm and the left leg (lead II) at any instant, we can do it either 
directly by connecting the galvanometer with the right arm and left 
leg (lead II) or indirectly by taking some other point, as for example 
the left arm, finding the difference of potential between the right arm 
and the left arm (lead I) and between the left arm and the left leg 
(lead III) and adding them together. In a similar manner, if one 
wishes to find the difference in elevation (potential) between two 
towns, A and B, one may either subtract the elevation of A from the 
elevation of B (lead II), or one may take a third town, C, find the 
difference in elevation between A and C (lead I) and between B and C 
(lead III) and add them together. It is clear that the answer must 
be the same whichever way one proceeds. Thus, if the E. K. G. gives 
us a true record of differences of potential, it must follow that for 


*From the Cardiographic Laboratory of Mount Sinai Hospital, New York. 

1. Einthoven, W.: The Different Forms of the Human Electrocardiogram 
and Their Signification, Lancet 1:853, 1912. 

2. The string galvanometer, because of the fact that the resistance of its 
circuit is not infinite, has a slight tendency to decrease the difference of 
potential between the leading off points, but ordinarily the error from this 
source is negligible, and the mathematical relationship between leads holds 
within the limits of experimental error. 
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any and every moment during the cardiac cycle lead II equals lead III 
plus lead 1; or, as it is more convenient for practical purposes to put 
it, lead 11 minus lead I equals lead III. 

To express this relation graphically Einthoven’ * makes use of an 
equilateral triangle. The peculiar fitness of the equilateral triangle is 
due to the fact that the projections on the sides of an equilateral 
triangle of any straight line drawn within the triangle have a relation- 
ship similar to the relationship between the leads of an electrocardio- 
gram. Figure 1 will demonstrate this point. 

© A is any straight line drawn within the equilateral triangle R L F. 
The projections of © A on the three sides correspond to the three leads 
of the electrocardiogram and are labeled «,, «, and ¢,, respectively. The 
geometrical proof given shows that «,=«,-+.«,. This equation will 
hold whatever be the position of O A, provided we give ¢,, «, and e, 
negative values when they would have negative values in the electro- 
cardiogram. 

Since Einthoven first demonstrated these mathematical and geo- 
metrical relationships, numerous investigators* have made use of them 
in analyzing electrocardiograms. The methods used have been various 
minor modifications of the original method of Einthoven, Fahr and 
de Waart,® which consists in finding the values of the three leads at 
any chosen instant and in substituting these values in certain formulas, 
thereby obtaining a linear value called “E” or the “manifest value,” 
and an angular value, “a.” These two values determine the length and 
direction of a vector which corresponds to the line O A in Figure 1; 
© A in Einthoven’s formula having the linear value E, and the angle 
C A O being a. The length, E, of the vector gives the manifest value 
of the potential difference as shown by the three leads, but the vector 
as drawn by Einthoven in his original paper,’ and thereafter by 
numerous users of this method* * is in a direction directly away from 
the point at which the center of negativity is located. 

Carter, Richter and Greene® have developed an interesting modifi- 
cation of Einthoven’s method. By means of an equilateral triangle, 


3. Einthoven, W., Fahr, G., and deWaart, A.: Ueber die Richtung und die 
manifeste Grésse der Potentialschwankungen im menschlichen Herzen und 
iiber den Einfluss der Herzlage auf die Form des Elektrokardiogramms, Arch. 
f. d. ges. Physiol. 150:275, 1913. 

4. Pardee, H. E. B.: Form of the Electrocardiogram, J. A. M. A. 62:1311 
(April 25) 1914. Fahr, G.: Simultaneous Records of Heart Sounds and the 
Electrocardiogram, Heart 4:147, 1912. 

5. Carter, E. P.; Richter, C. P., and Greene, C. H.: A Graphic Application 
of the Principle of the Equilateral Triangle for Determining the Direction of 
the Electrical Axis of the Heart in the Human Electrocardiogram, Bull. Johns 
Hopkins Hosp. 30:162 (June) 1919. 
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Fig. 1—This is a simple geometrical demonstration of those properties which 
make the equilateral triangle peculiarly suitable for use in analysis of electro- 
cardiograms. 

The values of the rectangular coordinates (X, Y) of a point (A) are found 
algebraically in terms of the three leads (6, & and ¢€;). 


Proposition: The longest projection on the sides of an equilateral triangle 
of any straight line drawn within an equilateral triangle equals the sum of the 
projections on the other two sides. 

Let A O* be any straight line drawn within the equilateral triangle R L F. 
Let «, &, and & be the projections of A O on the three sides of the triangle, 
obtained by dropping perpendiculars (AA;:, AAs, AAs, OO,, OO:, OO;) from 
the ends of the line A O upon the sides of the triangle. 

TO PROVE THAT €:==% + &. 

CONSTRUCTION: 1. Produce A.A until it meets OO, at B. 

2. Draw BB; perpendicular to L F. 

3. Draw A H parallel to R L cutting B O at C. 
4. Draw K B; parallel to A H. 

5. Draw R O,* the perpendicular bisector of L F. 


PROOF 
AcOes = BO, for they are the projections of OB and the gripetions on the sides 
of - isosceles triangle of any line perpendicular to the base are 
equa 
A,O, = AsO; + A;B; for ByOs=AgOs+AsBs. 
e =e + AsBs for AsOo>e, and AgOQs=—e. 


= K fer AsB;= “4 KB, beca t K Fy ilar to t le R 
o +S Pear eacntt aotitrateantTe 
+%AH for K Bs=A H because parallel sons plant between parallel 


™ lines are equal. 
=e + AC for % A H=A C because A C=C H since triangle A B C= 
triangle H B C ig two triangles have - common side B C, 
angle A C B=angle H C B=a right angle, and angle A B C= 
angle H B C=60° since yr 5 a to the sides of an equilateral 
triangle intersect at angles of 60°. 
e —~e + a for A C = &, because parallel ied included between parallel lines 


are equal. 


Q. E. D. 


*In the figure the point O has been made the center of the triangle for the 
sake of simplicity in construction but the proof does not depend on this fact 
and will hold whatever be the position of the line O A. As a matter of fact 
the point O is taken at the center of the triangle in the subsequent part 
of this paper. 
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TO FIND THE VALUE OF THE RECTANGULAR COORDINATES (X, Y¥) OF THE POINT A IN 
TERMS OF *:, €, AND © 


Draw NO, and MO; parallel to OO, 
Then X>=A C>A,0:>6 
Y=C O=(B O—B C)=(D O0+D C) 
% (BO—BC+D0+4DC) 
y, for B C=D C because triangle A B D a 
2 (B O+D 0) lateral triangle (having its three sides A. matiouler 
° the sides of the equilateral triangle R F) and 
. is the pueeeen ar bisector (being parallel to 
and therefore perpendicular to BD). 
= By Bh ee Ay ey Sy 
=" (N —T M Os) lines included between parallel lines one equal. 7“ 
ee 46 ~) for angle N O.,Ag=30°=angle M OsAz; and the secant 
> 
v3 v3 


i 


of 30° =~ 

1 + € 

SE 
accurately drawn, with its center at the center of a graduated circle, 
they have evaluated E and the angle a geometrically instead of alge- 
braically. In practice, this method is considerably easier than the 
original method. 

It will be evident to the student of mathematics that Einthoven an‘ 
his followers have used what is known as the polar system of coord, 
nates, designating as E and a what the mathematician ordinarily calls 
pand @. In July, 1916, after perusing H. B. Williams’ paper,® I was 
led to investigate the properties of Einthoven’s triangle and its appli- 
cation to electrocardiography. In this investigation a system of rec- 
tangular coordinates was employed, and the results have been so 
interesting and suggestive that it seems advisable to publish this method 
of analysis as a preliminary to the publication of the results that we 
have obtained by its use. 

The basic principle of the method can be demonstrated by means of 
Figure 1. Instead of finding values E and a which correspond to p and 6 
in the polar system of coordinates, we have found two values which 
correspond to what are known as X and Y in the rectangular system 
of codrdinates. These two values locate the point A, and, since the 
point O is fixed at the center of the triangle,’ give us the same infor- 
mation that was given by E and the angle a 

But, although our values for X and Y give us the same information 
that was given by E and a, they give it in a much more useful form. 
In the first place, it is easier to visualize points located by rectangular 
than by polar coérdinates. It is simpler to think of a point with the 
value X = 4, Y = 3 than it is to think of the same point with the value 
p= 5, @= 37°, or E=5, a= 37°. Again, it is simpler to chart a point 


6. Williams, H. B.: On the Cause of the Phase Difference Frequently 
Observed Between Homonymous Peaks of the Electrocardiogram, Am. J. 
Physiol. 35:292 (Oct.) 1914 


7. See footnote to Figure 1. 
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located by rectangular coérdinates than the same point located by polar 
codérdinates. Ordinary cross section paper can be used, and there is 
little possibility of error. Furthermore, the mathematics involved in 
locating a point are simpler with rectangular codrdinates, viz: 





rectangular codrdinates*® polar coérdinates*® 
2e,—e 
=e =stan~2 £S2——% 
x € a tan avi 
Jats — 
—_ V3 “—_ cos a 


But the greatest advantage to be obtained by the use of rectangular 
coérdinates is due to the fact that it is comparatively easy with this 
system to plot consecutively the successive values of X and Y through 
a complete cardiac cycle and to connect these consecutive points with a 
fairly smooth curve which we shall call the “monocardiogram,” for 
reasons which will appear later. 

In order to understand the significance of this “monocardiogram,” 
we shall revert for a moment to Einthoven’s original discussion of the 
equilateral triangle. Einthoven,’® speaking of the Q R S wave of the 
electrocardiogram, says: “The curve must represent, under all circum- 
stances and in every moment the algebraic sum of all the potential 
differences which at that moment are developed in the heart.” We 
shall try to express the same thought by saying that the point X, Y 
(A in Figure 1), which we locate by our system of codrdinates, repre- 
sents the “center of negativity” of the heart at that instant; meaning 
by “center of negativity” a point somewhat analogous to “center of 
gravity” and “center of mass.” If at any moment there are present in 
the heart several (negative) electrical charges which have value _ 
(intensity, voltage) and position (direction) then the center of nega- 
tivity is that point which represents the algebraic sum of all the poten- 
tial differences. The line, E, in Einthoven’s drawings, which connects 
this point with the center of the equilateral triangle will, by its projec- 
tions on the three sides of the triangle, give the values of the gal- 
vanometer deflections (ordinates) for the three leads at that particular 
instant. By finding the location of the center of negativity at con- 
secutive instants, and connecting the points thus found by a continuous 
line, we obtain a curve which represents the successive algebraic sums 
of the potential differences that develop in the heart during the cardiac 
cycle. This curve we have called the monocardiogram to distinguish 
it from the ordinary electrocardiogram, which is really a “tricardio- 
gram” or a threefold derivative of the monocardiogram. 


8. See Figure 1. 
9. Lancet 1:856, 1912. 
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The monocardiogram is really a fusion of the three leads of the 
electrocardiogram into a single curve by an algebraic reversal of the 
process by which three leads are obtained from one heart. Its study 
brings us much nearer the real electrical events of the cardiac cycle 
than does the study of the ordinary E. K. G., or tricardiogram which is 
derived from it by our present method of leading off. Figure 2 illus- 
trates this fact. It shows the monocardiogram of the Q R S deflection 
taken from an electrocardiogram published by Einthoven (Fig. 8)* and 
used by Einthoven as a demonstration in his original description of 
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Fig 2—This figure shows the monocardiogram which is derived from an 
electrocardiogram published by Einthoven (Fig. 8). It can be seen that the 
three leads of the electrocardiogram are really derivatives of the monocardio- 
gram, obtained by successive projections of the monocardiogram on the three 
sides of the equilateral triangle. 

Note that in this monocardiogram, as in all the others shown in this article, 
the right side is on the observer's left. This is in accordance with ordinary 
cardiographic usage as regards Einthoven’s triangle and facilitates inter- 
pretation. 
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the equilateral triangle. It can be seen that leads I, II and III are 
really derivatives obtained by successive projections of a vector con- 
necting the center of our triangle with the successive positions of the 
center of negativity. Thus the monocardiogram represents, as nearly 
as can be represented in a plane figure, the actual electrical events of 
a cardiac cycle. 

The direction and shape of the monocardiogram have an anatomic 
significance which is indicated only obscurely by the direction and 
shape of the ordinary electrocardiogram. The shape of the ordinary 
E. K. G. may be considered the result of the projection of the mono. 
cardiogram (M. C. G.) on the sides of an equilateral triangle, and thu. 
the anatomic significance becomes distorted and obscured, but the 
M. C. G. itself owes its shape to the actual electrical events of the 
cardiac cycle and shows the successive relative positions of the center 
of negativity. Thus, it affords us a method of localizing, in a plane, 
various parts of the cardiac musculature ; of analyzing an E. K. G. with 
regard to its anatomic significance; of determining what part of the 
cardiac musculature is responsible for various types of bizarre and 
abnormal E. K. G.’s, and of locating the site of origin of extrasystoles. 
By means of three leads taken in a horizontal plane and similarly 
analyzed we can obtain a “transverse monocardiogram” and get a three 
dimensional view of events during the cardiac cycle. It is our intention 
in further communications to discuss the points just mentioned and 
more especially to use the monocardiogram for the analysis of 
E. K. G.’s in which it is assumed that there are defects in various 
localized regions of the cardiac musculature: i. e., in cases of sub- 
endocardial myocarditis as described by Oppenheimer and Rothschild."° 

For the application of our method to the analysis of an electro- 
cardiogram it is not absolutely necessary to have simultaneous E. K. G.’s 
of the several leads. Provided the string has been carefully standard- 
ized it is quite practicable to proceed as follows: 

1. By means of a camera lucida drawing, photographic enlargement, 
or by examination of the film with a microscope a series of careful 
measurements of a complete heart cycle is made for each lead. If 
there is evidence of respiratory or sinus arrhythmia care must be taken 
to select cycles which are in the same phase. The values of the ordi- 
nates are measured in millimeters for every hundredth of a second 
or less. 

2. By the method of trial and error the three series of measure- 
ments are so arranged that for every moment during the cardiac cycle 


10. Oppenheimer, B. S., and Rothschild, M. A.: Electrocardiographic 
Changes Associated with Myocardial Involvement, J. A. M. A. 69:429 (Aug. 
11) 1917. 
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lead II minus lead I equals lead III. In most curves, especially those 
with high peaks, this is a fairly easy matter. 

3. The value for X for each moment (0.01 second) is known, for 
it is the value of lead I (Fig. 1), but the value of Y must be calculated 
as follows: divide the algebraic sum of leads II and III by the square 
root of 3. This is done by means of Table 1, and gives us the succes- 
sive value of Y. 

4. The successive positions of the point X, Y are plotted and con- 
nected with a fairly smooth curve, thus giving the monocardiogram. 

Figure 3 illustrates the method of procedure. The camera lucida 
enlargement of the E. K. G. is shown; the values of the three leads 
for every hundredth of a second are shown properly arranged; the 
values of Y are shown calculated, and the monocardiogram resulting 
is shown. 


€. 
Table 1—This table is used for the calculation of the value Y (se 
It is used like a logarithm table. For example: at the instant labelled 20 in 
the table in Figure 3, the ordinate in lead II measured 9.7 mm., and the ordinate 
in lead III measured —.8 mm. The algebraic sum of 9.7 and —8 is 8.9. If 
we look this number up in our table we use the horizontal row labelled 8 and 
the vertical row labelled 9. The number which we find at the intersection 
of these two rows is 5.138 and thus our value for Y is approximately 5.1. 
The values for Y at other instants were found in the same manner by adding 
the values of leads II and III and using the table to simplify the process of 
dividing by V3. 


V 3 = 1.7820+ 














| 
=—Fi ei! 1 2 3 4 | 5 6 7 8 9 Differ- 
v3 | ences 
0 0.0577 0.1155] 0.1782] 0.2309! 0.2887 0.3464] 0.4041 0.4619 0.5196 
1 0.57785 0.6351 0.6928} 0.7506) 0.8083} 0.8660 0.9238} 0.9815 1.089 1.097 1. 0.00577 
1.1547 | 1.212 1.270] 1.8298] 1.886 | 1.4438 1.501| 1.550 1.617 1.674 2 0.01155 
3 | 1.7821 | 1.790| 1.848] 1.905 | 1.968 | 2.021 2.079| 2.136 2.194 | 2.952 8. 0.01732 
4 | 23006 | 2.967) 2495] 2488) 2.540 | 2.508 2.656| 2.714 2.771 2.8299 4. 0.02300 
5 | 2.8868 | 2.944 3.002] 3.000) 3.118 | 8.175 8.283) 8.291 8.349 8.406 6. 0.02887 
6 3.4641 | 3.522 3.580 3.637 | 3.695 | 3.753 3.811 | 3.868 3.926 3.964 6. 0.08464 
7 4.0415 | 4.009 4.157 | 4.215 | 4.272 | 4.980 4388 | 4446) 4.5 4.561 7. 0.04041 
8 4.6188 | 4.677 4.784 | 4.792 | 4.850 | 4.907 4.965 | 5.023 5.081 5.188 8. 0.04619 
9 | 5.1% 5.954 | 5.312 | 5.360} 5.427| 5.485 5.543 | 5.600 | 5.658 5.716 9. 0.05196 
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The use of simultaneous electrocardiograms is theoretically desir- 
able, but we are not confined to such simultaneous records in the 
employment of this method. Successive heart cycles in an individual 
are so nearly alike that, provided proper precautions are exercised in 
the choice of cycles, the rule, lead II minus lead I equals lead ITI, holds 
for practical purposes. In practice we have found it possible to apply 
this method of analysis to the ordinary E. K. G. as usually taken. 

Figure 4 shows a monocardiogram derived from one of the rare 
electrocardiograms in which all three leads were taken simultaneously. 
The original E. K. G. was published by Einthoven, Bergansius and 
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Y 
Lead Leed? Leeas 2+! 
v3 
0 0 0 0 0 
1 0.1 0.1 0 0.06 
2 O4 04 0 0.2 
3 0.7 0.7 0 O4 
+ 10 10 0 0.6 
5 13 18 0 0.75 
6 10 10 0 0.6 
7 0.8 08 0 0.46 
i 0.5 0.4 —O.1 0.17 
” o1 —0.2 —0.3 —0.3 
10 —0.3 —O.4 —@.1 —0.3 
ll —0.3 —0.3 0 —0.17 
12 —0.3 —0.3 0 —0.17 
13 —0.3 —0.3 0 —0.17 
14 —0.3 —0.3 0 —0.17 
56 —-03 —03 0 6.17 
16 —0.3 —0.3 0 —0.17 
17 —0.8 —0.3 0 —0.17 
18 —0.3 —03 0 —0.17 
19 0 04 04 0.46 
20 10.5 9.7 —0.8 5.1 
21 8.2 12.0 3.8 9.3 
22 5 s 3 64 
23 0 2 2 2.8 
24 —0.5 —0.2 0.3 0.06 
bs) —0.3 —0.3 0 —0.17 
26 —0.3 —0.38 0 —O.17 
27 —0.3 -—0.3 0 —0.17 
28 —0.2 —0.2 0 a4] 
29 —O.1 —.1 0 —0.06 
30 0 0 0 v 
31 01 01 0 0.06 
32 0.2 0.2 0 0.1 
33 04 04 0 0.2 
34 05 0.5 0 03 
85 0.6 0.6 0 0.35 
36 0.7 0.7 0 04 
37 0.7 0.7 0 04 
38 08 0.8 0 0.46 
39 0.8 08 0 0.46 
40 0.9 0.9 0 0.5 
41 09 0.9 0 0.5 
a2 0.9 0.8 —.1 04 
43 0.9 0.6 —0.3 0.17 
44 0.8 0.38 —0.5 —0.1 
45 0.7 02 —05 —O17 
46 0.5 0.1 —0.4 —0.17 
47 0.3 0 —0.3 —0.17 
4s 0.2 0 —0.2 = 
4 0.1 0 —.1 06 
50 0 0 0 0 





Fig. 3—This figure shows the method of obtaining a monocardiogram. 
Above, to the left, is shown a camera lucida drawing of the three leads of an 
electrocardiogram. The ordinates represent 0.04 second and the abscissae rep- 
resent 0.1 millivolt. To the right is shown a table of values of the ordinates 
of the three leads for every 0.01 second properly arranged so that lead II 
minus lead I equals lead III for every instant. The fourth column of figures . 
in the table gives the values of Y calculated by means of Table 1. Below is 
shown the monocardiogram plotted by connecting successive values of the point, 
X, Y, with a smooth curve. The P, QRS, and T deflections are plotted sepa- 
rately. Positive values of X are plotted to the observer’s left, for this is taken 
as the right side. Positive values of Y are plotted above the line, as is usual. 
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Fig. 4.—This shows the monocardiogram derived from an electrocardiogram 
published by Einthoven, Bergansius, and Bijtel” (Fig. 3, Cycle 2). From this 
E.K.G. (which is one of the very rare published electrocardiograms taken 
simultaneously in all three leads by means of three galvanometers) we have 
-derived the monocardiogram, shown above. Below the monocardiogram are 
shown eight pairs of derived electrocardiograms. These were derived from the 
monocardiogram by a method similar to that illustrated in Figure 2 and they 
show the effect that rotation of the heart’s axis would have on the electrocar- 
diogram. We have followed customary trigometrical notation and called clock- 
wise rotation negative and counterclockwise rotation positive. Thus by + 30° 
we mean that the heart is so rotated that the apex approaches the patient's 
left shoulder. 
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Fig. 5.—The uppermost monocardiogram is that of a normal heart. The 
second monocardiogram was derived from an E.K.G. which showed a char- 
acteristic left ventricular preponderance (main deflection upright in lead I 
and inverted in lead III). 

The third monocardiogram was derived from an E.K.G. which showed a 
characteristic right ventricular preponderance. 

The lowermost monocardiogram was derived from the electrocardiogram of 
a ventricular extrasystole. It points definitely to the right ventricle (observ- 
er’s left). 
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Bijtel. Our figure shows a series of derived E. K. G.’s which demon- 
strate the effect that rotation of the heart’s axis would have on the 
ordinary electrocardiogram. The series of E. K. G.’s was obtained by 
rotating the monocardiogram and plotting the various resulting E. K. 
G.’s by a method similar to that illustrated in Figure 2. In Figure 2 
the M. C. G. is derived from the E. K. G. By reversing our procedure, 
we can plot the E. K. G. from the M. C. G. By taking the M. C. G. 
and rotating it 15 degrees we can plot out the E. K. G. that would 
result if the heart itself were rotated 15 degrees. In this way we can 
obtain a series of E. K. G.’s that will show the effect of rotation of the 
heart’s axis on the normal E. K.G. During normal respiration changes 
occur in the E. K. G. which are probably due to a combination of rota- 
tion of the heart’s axis and nervous effects.* 

Monocardiograms of a normal heart, of left ventricular preponder- 
ance, of right ventricular preponderance, and of a ventricular extra- 
systole are shown in Figure 5. It is interesting to note that in ventricu- 
lar preponderance, the preponderant or thickened ventricle shows a 
tardiness in electrical response which causes a shifting of the center 
of negativity to the side opposite the preponderant ventricle and thus 
gives E. K. G.’s which are characteristic of preponderance. It can be 
seen that the different electrocardiograms which are characteristic of 
various types of cardiac abnormality give monocardiograms of every 
different form. The anatomical significance of the monocardiogram 
gives us reason to hope that this method of analysis will lead to closer 
correlation between cardiographic and pathologic findings. 


SUMMARY 


1. A new method is presented by which the ordinary three leads of 
the electrocardiogram are combined in a single curve, the mono- 


cardiogram. 
2. Usefulness of this method of analyzing the electrocardiogram is 


explained. 


The writer wishes to acknowledge indebtedness to Dr. B. S. Oppenheimer 
for his assistance in the final preparation of this paper. 

50 East 96th Street, New York. 
11. Einthoven, W., Bergansius, F. L., and Bijtel, J.: Die gleichzeitige Regis- 
trierung elektrischer Erscheinungen mittels zwei oder mehr Galvanometer und 
ihre Anwendung auf die Elektrokardiographie, Arch. f. d. ges Physiol. 164: 
167, 1916. ‘ 
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IRRITATION OF THE VAGUS AND HEMORRHAGIC 
EROSIONS OF THE STOMACH * 


KNUD NICOLAYSEN, M.D. 


The so-called vegetative or autonomous peripheral nervous system, 
which consists of the vagus and the sympathetic, has been subjected 
to systematic investigation only recently. While numerous contribu- 
tions have been made to the knowledge of the functions of this system, 
we are yet far from a clear understanding of its structure and mode of 
action. The ideas of Eppinger and Hess’ concerning vagotony and 
sympatheticotony are well known, but a few points may be discussed. 
We know that the vegetative nervous system consists of the vagus and 
the sympathetic, that they are antagonistic in most cases, holding each 
other normally in equilibrium, and that there are a number of sub- 
stances which act as irritants or as paralyzers of these nerves. Thus 
pilocarpin irritates, atropin paralyzes the vagus, while epinephrin irri- 
tates the sympathetic, definite sympathetic paralyzers not being known. 
The antagonistic relation between the sympathetic and the vagus 
results, generally speaking, in that paralysis of the sympathetic pro- 
duces the same symptoms as irritation of the vagus and vice versa. It 
also appears as if disturbed correlation between the endocrine organs 
may cause diminished or increased tonus in the vagus or sympathetic, 
or both. The vagus is the secretory and motor nerve of the stomach; 
hypersecretion, hyperchlorhydria and pyloric spasms are believed to 
result from irritation of the vagus and to be symptoms of vagotony. 
The similarity of these symptoms with those of ulcer of the stomach 
has led to the belief by some that ulcer also is associated with a vago- 
tonic condition. Petrin and Thorling examined eighteen patients with 
ulcer of the stomach as to their reaction to pilocarpin and atropin, on 
the one hand, and epinephrin on the other, and came to the conclusion 
that a pronounced vagotony is often present in patients with ulcer, 
whereas a definite sympatheticotony was observed only rarely, five of 
the patients reacting to atropin-pilocarpin as well as to epinephrin. 

During recent years, a number of experimental investigations have 
been made in regard to the influence of the vegetative nervous system 
on the stomach, especially with respect to hemorrhages and erosions. 


*From the Pathologic-Anatomic Institute of the Rikshospital, Christiania. , 

1. Eppinger, H., and Hess, Leo: Zur Pathologie des vegetativen Nerven- 
systems, Ztschr. f. klin. Med. 67:345, 1909; 68:205, 231, 1909. 

2. Petrin, K., and Thorling, I.: Untersuchungen iiber das Vorkommen von 
Vagotonus und Sympathikotonus, Ztschr. f. klin. Med. 73:27, 1911. 











296 ARCHIVES OF INTERNAL MEDICINE 


Finzi* removed one or both suprarenals in rabbits and dogs, and 
subsequently observed edema and hemorrhages in the gastric mucosa, 
degeneration of the epithelial cells, and even real ulceration ; the greater 
the amount of suprarenal removed the more extensive the changes. 
After total extirpation, the animals lived only a few hours, but in some 
instances, in which a remnant of the suprarenal was left, the animals 
lived from fifty to sixty days. The changes in the gastric mucosa 
developed rapidly, but healed slowly with only slight tendency to scar 
formation. If epinephrin was given after the extirpation, changes in 
the stomach did not take place. In five cases of gastric and duodenal 
ulcer in man, he found changes in the suprarenal after death — thick- 
ening of the capsule, fatty changes and hemorrhages. 

Friedman* observed erosions in the duodenum in dogs after 
repeated injections of epinephrin. He found that extirpation of one 
or both suprarenals, of one suprarenal and a lobe of the thyroid, or 
of a thyroid lobe alone, in dogs and rabbits, was followed by hemor- 
rhages and erosions in the stomach except when the operation involved 
the suprarenals and the thyroid at the same time. Consequently, he 
concludes that the lesions in the mucosa of the stomach in suprarenal 
insufficiency are dependent on the integrity of the thyroid. 

Mann® experimented on dogs and cats, removing both suprarenals 
in one or two sittings, and keeping the animals etherized until they died, 
usually from two to eight hours after the operations, but no ulcers 
resulted ; removal of one suprarenal was followed by death in from 
five to 235 days, but no ulcers were found, except in one case; removal 
of both suprarenals in one or two sittings resulted in ulcers in the 
stomach or duodenum in 90 per cent. Mann holds that the ulcers 
developed as the animals became moribund. He saw two types, one 
superficial and diffuse—erosions—and the other a sharply defined ulcer. 

Friedman reports that he was able to produce erosions in the 
stomach in three of four rabbits by injection of thyroid substance. 
Believing that these erosions were caused by vagotony due to hor- 
mones in the thyroid, he tried to cause vagotony in rabbits by injecting 
pilocarpin, and in the thirteen animals experimented on erosions were 
found in all in the stomach at the same time as salivation, diarrhea 
and increased secretion of bronchial mucus and of tears resulted. In 
nine animals injected alternately with pilocarpin and epinephrin, eight 
developed erosions in the stomach and the duodenum. He concludes 


3. Finzi, Otello: Ueber Veranderungen der Magenschleimhaut bei Tieren 
nach Nebennierenexstirpation, Virchows Arch. f. path. Anat. 214:413, 1913. 

4. Friedman, G. A.: Experimental Production of Lesions, Erosions and 
Acute Ulcers in Rabbits by Repeated Injections of Pilocarpin and Adrenalin, 
J. M. Res. 38:449, 1918; 32: 

5. Mann, Frank C.: A Study of the Gastric Ulcer Following Removal of 
the Adrenals, J. Exper. M. 23:203, 1916. 
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that epinephrin, together with pilocarpin, acts particularly on the duo- 
denal mucosa, while pilocarpin alone acts on the gastric mucosa. He 
allowed the animals to live only a few hours after the last injections of 
pilocarpin, and it is noteworthy that the erosions appeared very 
promptly. 

The results discussed in the foregoing are of interest not only with 
respect to the actions of the vegetative nervous system and its relation 
to the endocrine organs, but also because they throw a new light on 
the genesis of hemorrhagic erosion and perhaps also of gastric and 
duodenal ulcer. 

That irritation (“stimulation of the vagus or paralysis of the 
sympathetic”) may cause changes in the lining of the stomach in 
animals has been established. The nature of these changes and their 
fate, as well as the histologic processes initiated, are, however, less 
clearly understood. It is these questions which I have studied in 
rabbits injected subcutaneously with 5 per cent. pilocarpin hydro- 
chlorate. 


In all, twenty-five animals were used. The stomach was examined in all 
cases after formol fixation; the sections were stained with hematoxylin and 
eosin, van Gieson’s method and Gram’s method. Jenner’s stain as recommended 
by Heyrovsky® was also used. The experiments are not described in order but 
in groups, and the same animals may be considered under more than one group. 

Of ten animals which received from 10 to 35 cg. pilocarpin in two or more 
injections of 5 cg. each, and all of which died or were killed within twenty- 
four hours, nine showed changes in the lining of the stomach, three had in 
addition erosions or ulcers in the duodenum, only one animal being free from 
changes after twenty-four hours. This animal reacted to the injections with 
only slight salivation, whereas all the other animals immediately after the 
injection presented salivation, lacrimation, diarrhea and rapid respiration. Each 
animal, however, did not react in proportion to the amount of pilocarpin 
injected, and animals receiving the same amount of pilocarpin reacted in dif- 
ferent degree; thus two died after they had received 10 cg., one two hours 
and the other twenty-four hours after the injection, and without any other 
apparent cause for death than increasing respiratory difficulties. The animals 
which died after two hours had extensive fat necrosis as demonstrated by 
Benda’s reaction, as well as being evident macroscopically. In another ani- 
mal, which had received 17.5 cg. of pilocarpin, and which died after eighty- 
four hours, there was found fat necrosis also. It is known that irritation of 
the vagus causes increased pancreatic secretion, but the reason that these two 
animals developed fat necrosis I have not tried to determine. The rabbit which 
received the greatest amount of pilocarpin, 35 cg., was moribund at the end of 
twenty-four hours and was killed; one rabbit is not included among the ten 
because it lived for seventy-two hours, during which time it received 2.5 cg. 
four times, dying without any other cause than pilocarpin intoxication. If we 
exclude the two rabbits which died with fat necrosis, we see that altogether 
three of twenty-five animals were killed directly by pilocarpin. 

As there are persons with vagotony, it is reasonable to assume that there 
may be vagotonic animals also, and, as we shall see, there are certain signs 


6. Heyrovsky, Hans: Histologische Untersuchungen der Magenschleimhaut 
bei Ulcus ventriculi und Carcinom, Deutsch. Ztschr. f. Chir. 122:359, 1913. 
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which indicate that the animals which died were previously vagotonic. Eosino- 
philia is a well known sign of vagotony. Rabbits, however, have not only 
from 1 to 3 per cent. eosinophilic leukocytes normally, but most of the leuko- 
cytes in these animals are “pseudoeosinophils.” In twenty-five rabbits I found 
30 per cent. of the leukocytes to be acidophil, and that after injection of pilo- 
carpin the number of acidophil cells increases rapidly in the course of a couple 
of hours, whereupon the number returns to normal. In fourteen animals, 
examination of the blood by Jenner’s method after injection of pilocarpin, 200 
leukocytes being counted each time, showed that ten of the animals on an 
average had 22 per cent. acidophils and 78 per cent. other leukocytes before 
the injection, and after the injection the percentages were 67 acidophils and 
33 nonacidophils. Four animals were found to have a larger percentage than 
usual of acidophils before injection, and it is of great interest to note that 
these four animals all died, three of them as the direct result of pilocarpin 








Fig. 1—Hemorrhage into the mucosa in the bottom of a fold, the epithelium 
absent; 20. 











Fig. 2.—Definite loss of substance in five hours; x 20. 


intoxication and the fourth from fat necrosis. Two of the animals which died 
from pilocarpin directly received only 10 cg.; these animals had 60 per cent. 
eosinophils before the injection, and there was hardly any increase in these 
cells afterward. It appears, then, when we consider the blood picture before 
and after injection of pilocarpin in the other rabbits in this series, that the 
acidophilia in the animals which died may be regarded as indicating an 
existing vagotony 

In order to learn how the erosions in the stomach developed, I examined 
this organ in twelve rabbits, all of which had received from 10 to 15 cg. of 
pilocarpin and which died or were killed between two hours and eighteen days 
after the injection. The erosions, which appeared as dark brown points or 
stripes, with more or less definite loss of substance, were found in all parts 
of the stomach, the number varying greatly even with the same dose of pilo- 
carpin. The mucosa was covered with a good deal of mucus in the animals 
examined about twelve hours after the injection. The first change seemed to 


























NICOLAYSEN—HEMORRHAGIC STOMACH EROSIONS 299 


be a hemorrhage into the mucosa (Fig. 1), either superficial or extending 
down to the muscularis mucosae, but always largest at the surface; these hemor- 
rhages were most often round and then rarely more than about 2 mm. in diam- 
eter; at other times the hemorrhage was more linear, reaching a length of 1 cm. 
at the most. , Corresponding to the extravasation there would form, little by lit- 
tle, losses of substance, which would be apparent as early as in two hours. The 
extravasated blood underwent the usual changes, with the formation of a brownish 
pigment. The lower part of the mucosa, which was not affected by the extravasa- 
tion, had normal glands at the end of two hours. At the end of five hours the 








nm") 


Fig. 3—Loss of substance extending almost to the muscularis mucosae; * 2 





Fig. 4.—All blood pigment removed; 20. 


defect was larger, and round cell infiltration and edema made their appear- 
ance around it (Fig. 2). The defect now enlarged according to the extent 
of the primary hemorrhage. In the same stomach there would be found after 
twenty-four hours both wholly superficial defects, nearly free from pigment, 
as well as narrow slits about to close, and larger losses of substance reaching 
almost down to the muscularis mucosae, the bottom of which still was covered 
with pigment. About the defects would be exudate and fairly dense infiltra- 
tion with cells down into the submucosa. In the bottom of the ulcer would 
be thrombotic vessels (Fig. 3). After forty-eight hours, the largest and deepest 
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erosion was observed, reaching almost down to the muscularis mucosae, all 
pigment being removed, the floor being formed by the deepest layer of the 
mucosa, the structure of which was no longer recognizable, inflammatory 
exudate and marked leukocytic infiltration extending through the submucosa, 
in which were thrombotic vessels. The mucosa, which was edematous and 





Fig. 5.—The mucosa seems to have spread out from both sides over the floor 
which lies on the muscularis mucosae; * 45. 





Fig. 6—Showing newly formed glandular tubules at the bottom; x 45. 


infiltrated with blood about the erosion, had folded itself definitely over the 
margins (Fig. 4) and the process appeared to have become arrested. 

After seventy-two hours, the erosions clearly were about to heal. They 
appeared smaller; the hemorrhagic crust was nearly all removed. In the larger 
erosions the mucosa had spread itself over the bottom, in which were brownish 
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pigment and leukocytes (Fig. 5). The smaller erosions were covered over, 
and their site indicated by remnants of blood and pigment along the borders. 

In two rabbits which were killed after six hours, erosions or scars could 
not be made out definitely, either macroscopically or microscopically; a third 
rabbit, however, presented a picture similar to that found after seventy-two 
hours. Of three rabbits which lived ten days, one showed no erosion; another 
had a small scar-like shrunken area in the larger curvature, shown micro- 
scopically to be a depression in the mucosa covered by epithelium without 
crypts, probably a scar after a deep erosion (Fig. 6); the third rabbit showed 
several erosions, all healing, the process apparently not having gone any further 
than in animals which had lived three to four days (Fig. 7); in one animal 
which lived eighteen days there were no erosions or scars. 


The extravasation of blood into the mucosa, which forms the begin- 
ing of the erosion, is produced by an irritation of the vagus, but this 
does not explain how the hemorrhage takes place. That the cause is of 





Fig. 7—Mucosa about to cover the defect; x 45. 


a vasomotor nature is not very likely the case, because the vessels of 
the stomach, so far as known, are innervated only by the sympathetic. 
It seems more likely that it concerns hemorrhages due to circulatory 
disturbances produced by contraction of the musculature of the 
stomach, especially the muscularis mucosae, through which the small 
vessels to the mucous membrane pass. The motor nerve of the stomach 
is the vagus as we know. 


The loss of substance in the mucosa results from digestion of the tissue 
damaged by the hemorrhage, and the extent and depth of the loss depends on 
the extent of the hemorrhage. The quantity of pilocarpin injected seems to 
have no influence on the extent of the extravasation. It has been claimed that 
the injection of pilocarpin increases the secretion of the stomach, particularly 
the amount of free hydrochloric acid. In order to determine whether such 
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factors play any role in the development of the erosions, I aspirated gastric 
juice before and from two to three hours after the injection. The rabbits 
studied in this way were living on usual food, such as hay, cabbage and oats. 
The gastric juice was aspirated through a thin catheter, and usually from 2 to 
6 c.c. was obtained each time. In twenty normal rabbits I found the relation 
between free hydrochloric acid and total acidity to be on the average 64: 105. 
In eight rabbits the relation before injection of pilocarpin was 75:110, and 
from two to three hours after the injection it was 43:62. Later the relation 
was found to be variable. While the erosions develop as early as two hours 
after the injection of pilocarpin, the hydrochloric acid, as well as the total 
acidity, diminishes considerably during the first two or three hours after the 
injection. The stomach contents after the injection were rich in mucus; as 
stated, the mucosa was found covered with mucus at this time; it is, there- 
fore, probable that it is the increased secretion of mucus which reduces the 
acidity. In any event, erosions undoubtedly develop even when the acid is 
reduced. Two animals were given sodium bicarbonate before and one and a 
half and four hours after the injection; the gastric contents then did not con- 








Fig. 8.—Hemorrhage into the mucosa without destruction of the surface 
epithelium; x 45. 


tain any hydrochloric acid, which was also the case when the animals were 
killed six hours after the injection. The usual hemorrhages were present in 
the mucosa but it was not possible to make out any loss of substance, and 
microscopically, the epithelium over the hemorrhagic area was well preserved 
everywhere (Fig. 8). Hence, it may be concluded that without hydrochloric 
acid there would be no erosions, that is to say, no loss of substance. 

The erosions we have been studying are undoubtedly of the same kind as 
those which occur after extirpation of the suprarenals. The anatomic picture 
is precisely the same. Finzi and Mann believe that these erosions are the 
beginning of possible gastric ulcers. Finzi cites five cases of gastric and 
duodenal ulcer in which he found changes in the suprarenal after death. 
Friedman believes that some of the lesions which he observed would have 
healed in time, but that real ulcers might have developed on the basis of the 
lesions. My own observations, particularly as regards the appearance of the 
lesions, the fact that they never go deeper than the muscularis mucosae, and, 
finally, their marked tendency to heal, lead me to believe that they correspond 
to the hemorrhagic erosions seen in man. As these erosions in man cannot be 
regarded as a regular preliminary stage for the development of typical ulcer, 
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it would be unwarranted to conclude from the experimental and clinical obser- 
vations at hand that ulcer of the stomach or duodenum results as a conse- 
quence of vagotony or vagus irritation. 
HEMORRHAGIC EROSIONS 

Hemorrhagic erosions occur in the human stomach and also in 
the duodenum. They are superficial, and, as the name indicates, they 
usually have a hemorrhagic floor. While it is true that there may be 
only a difference in degree between the simple erosion, especially if 
the hemorrhagic covering has been removed, and acute ulcer, there 
rarely are any difficulties in deciding after death whether erosion or 
ulcer is present. I do not deny that Mann and Friedman may have 
seen real ulcer develop on the basis of erosions, nor do I claim that an 
ulcer cannot develop from an erosion. All works on pathologic 





Fig. 9.—Erosion in the human stomach. Hemorrhage in the mucosa and 
beginning loss of substance; 45. 
anatomy treat hemorrhagic erosions as a peculiar process, which often 
is distinguished from postmortem changes only with difficulty; the 
ideas as to their mode of origin and their relation to ulcer are divided. 

If the microscopic picture of a hemorrhagic erosion in the human 
stomach is compared with that of the lesions which develop in the 
stomach of the rabbit after injection of pilocarpin, there can be no 
doubt but that it concerns the same process (compare Fig. 2 and Fig. 
9). The question consequently arises whether hemorrhagic erosions in 
man also depend on vagus irritation. 

Beneke’ has discussed this question in connection with observa 
tions of a large number of erosions studied after death, in which he no 
doubt has included certain other conditions than hemorrhagic erosion 


7. Beneke, R.: Ueber die hamorrhagischen Erosionen des Magens (stigmata 
ventriculi), Verhandl. d. deutsch. path. Gesellsch. 12:284, 1908. 
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strictly speaking. He regards the thrombosis in the neighborhood of 
the erosions as being secondary, and advances the idea that the erosions 
depend on a transitory ischemia in the mucous membrane produced by 
reflex irritation of certain nerves, because he found that in a high per- 
centage of the cases there was disease of the central nervous system, 
and also because he found erosions in persons in whom the celiac 
ganglion might be injured by operation or peritonitis. While one would 
be inclined to agree with Beneke in regarding the thrombosis as 
secondary, his theory of a local, brief anemia is not convincing. To 
my mind, the primary lesion is a hemorrhage into the mucosa which 
reduces the vitality of the tissue. Whether this hemorrhage can be 
referred to a primary irritation of the vagus in the case of man as well 
as in the case of rabbits is a question on which I shall try to throw light 
by means of certain cases. I have gathered the cases of definite, 
unquestionable hemorrhagic erosions which I have observed in the 
course of the last two years in this institute. As definite hemorrhagic 
erosions I regard larger or smaller superficial defects in the mucosa 
with a dark brown floor, which have developed during life, as shown 
by thrombosis, pigmentation and more or less round cell infiltration. 
Hemorrhagic erosions of this sort have been observed in ten cases 
postmortem, five times in the stomach and in the duodenum. Fifteen 
erosions were examined microscopically; thrombi were not always 
present, bacteria were not demonstrable, and the mucous membrane 
around the erosions was always normal without signs of gastritis. 


SUMMARY OF CASES 


Case 1—Man, aged 52; otitis media and diffuse meningitis; pulse, 120; 
died on day of admission to hospital. 

Cast 2.—Woman, aged 21; otitis media; operation; death five days later 
with large abscess in cerebellum. Pulse, at entrance, 88; day before death, 60; 
shortly before death, 120. 

Case 3—Man, aged 32; tuberculous meningitis; pulse 52; death. 

Case 4.—Man, aged 37; diffuse meningitis after otitis media; pulse, 88 ; death. 

Case 5.—Man, aged 25; miliary tuberculosis; marked meningeal symptoms ; 
pulse from 88 to 100; death in four days. 

Case 6—Woman, aged 20; tuberculous meningitis; pulse increased gradu- 
ally during ten days from 104 to 140. 

Case 7.—Man, aged 25; in hospital two and a half months with tubercu- 
losis of the lung and of the hilum glands, the pulse, at first very slow, became 
suddenly rapid; choked disks. 

Case 8.—Man, aged 56; had sarcoma in lymph glands with metastases in 
the pleura; died from asphyxia; pulse at first 100, at time of death, fourteen 
days later, 144. 

Case 9.—Man, aged 24; pulmonary disease following influenza; the upper 
and middle lobes infiltrated; thrombi in right ventricle. 

Case 10.—Man, aged 60; intestinal obstruction; pulse, 60; diffuse peritonitis ; 
operation; death soon after; pleural empyema. 
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There can hardly be any question that in the first group of six 
cases of this series irritation of the vagus was produced during the 
course of the illness which in every case was situated in the brain or 
its membranes. In the second group of three cases the disease involves 
the chest, the lungs and pleura being the seat of infiltrating processes. 
In Case 7 the very slow pulse, subsequently becoming rapid, indicates 
affection of the vagus. In a case of cancer of the breast with metas- 
tases in the lung and pleura described by Lyder Nicolaysen,’ there 
was infiltration of the vagus and symptoms of vagus paralysis. In Case 
10, one of peritonitis with empyema, it is possible that there may have 
been involvement of the nerves of the stomach in the abdomen as well 
as in the thorax, although the proof that such was the case cannot be 
supplied. 

The vagus nerves and the nerves of the stomach in these ten cases 
should have been examined microscopically, but the material was 
gathered originally in the course of a study of ulcer of the stomach; 
it was only later that my attention was directed to the hemorrhagic 
erosions of the stomach in these cases. The result of the study shows 
that in most of the cases in which hemorrhagic erosions were found, 
there had been irritation of the vagus or the possibility of such irrita- 
tion. To conclude from these cases that hemorrhagic erosions always 
result from irritation of the vagus does not seem warranted. It is 
possible that in some of these cases it concerns a coincidence. How- 
ever, Benke’s results and the pilocarpin experiments in rabbits favor 
the conclusion that vagus irritation may cause erosions. Further 
studies of suitable material should be made and with careful micro- 
scopic examination of the vagus. 


8. Nicolaysen, Lyder: Et Tilfalde av Vaguslammelse, Norsk Mag. f. 
Lagevidensk. 77:948, 1916. 











CLINICAL STUDIES ON THE RESPIRATION 
VI. A COMPARISON OF VARIOUS STANDARDS FOR THE NORMAL VITAL 
CAPACITY OF THE LUNGS * 
HOWARD F. WEST, M.D. 
BOSTON 

As the clinical value of determinations of the vital capacity of the 
lungs becomes more clearly emphasized — in heart disease, in tuber- 
culosis, in aeronautics, etc.—the problem of normal standards becomes 
increasingly important. For the clinician, the standard should require 
as few and simple measurements as are consistent with reasonable 
accuracy. 

Since the earlier studies on this subject, it has been recognized that 
healthy individuals vary considerably in the volume of air which they 
can expire after a full inspiration. Age, sex, height, weight, the size 
and flexibility of the chest, muscular strength and physical training are 
factors which may singly or jointly affect the vital capacity. As an 
example, trained soldiers, and especially athletes, tend to show higher 
vital capacity readings than clerks of the same age, height and weight. 
The probability, therefore, of finding a single standard for all classes 
of individuals that does not involve numerous measurements and com- 
plicated formulas, and that is at the same time not subject to rather 
wide variations is, to say the least, remote. 

Since Hutchinson’s' admirable studies in 1846, various methods of 
approach to the problem have been tried. Hutchinson was the inventor 
of the spirometer, and his observations were unusually extensive and 
carefully made. After studying various measurements of the body in 
nearly two thousand healthy individuals from various classes and 
occupations, he concluded that the vital capacity varied more closely 
with differences in height than with any other known variable. Con- 
sequently, he adopted the following rule: “For every inch in height 
(from five feet to six feet), eight additional cubic inches of air at 60 F. 
are given out by a forced expiration.” 

Since this time the majority of workers have followed Hutchinson’s 
method of using the height as the factor in determining the vital 
capacity normal for each individual. The method has been subject 
to much criticism on the basis that the individual variations for each 
height are too great, and numerous attempts have been made to sub- 
stitute other measurements and formulas. Most of these have, how- 
ever, been equally unsatisfactory, and have not been widely used. 

Three of the more recent contributions must be considered in some 
detail. Peabody,’ in his studies of the respiration, has demonstrated 


*From the Med‘.«’ ~unic of the Peter Bent Brigham Hospital and the 
Department of Mec ine of the Harvard Medical School, Boston. 

1. Hutchinson, Jonathan: Med. Chir. Tr., London 29:137, 1846. 

2. Peabody, F. W.: The Harvey Lectures, 1916-1917; also, Am. J. M. Se. 
155: 100, 1918. 
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the importance of reduction in the vital capacity as an index of the 
tendency to dyspnea in cardiac disease, and has emphasized the impor- 
tance of vital capacity determinations in diagnosis, prognosis and 
treatment. He, with Wentworth, studying the vital capacities in a 
series of 140 healthy persons, largely medical students and nurses, 
found that, according to their height, they fell into three groups for 
each sex, and the average vital capacity for each group was taken as 
the normal standard. From ninety-six normal males, “Group I includes 
those who were 182.5 cm. (6 feet) tall or over, and the normal 
standard computed was 5,100 c.c. Group II consisted of men between 
173.5 cm. (5 feet, 814 inches) and 182.5 cm. (6 feet) tall, and the 
average vital capacity, which was 4,800 c.c., was taken for the normal. 
Group III was comprised of persons whose height was between 173.5 
cm. (5 feet, 814 inches) and 159.5 cm. (5 feet, 3 inches). The normal 
standard for this group was 4,000 c.c.” Of these ninety-six men, 84 
per cent. were within 10 per cent. of normal. “The women were also 
subdivided into three groups according to their height. Group I was 
composed of those who measured over 167 cm. (5 feet, 6 inches) tall, 
and the average vital capacity was 3,275 c.c. Group II consisted of 
those who were from 162 cm. (5 feet, 4 inches) up to and including 
167 cm. (5 feet, 6 inches). The normal standard for-this group was 
found to be 3,050 c.c. Group III was made up of persons from 154.5 
cm. (5 feet, 1 inch) up to and including those who were 162 cm. 
(5 feet, 4 inches) tall. The standard vital capacity for this group was 
2,825 c.c.” 

Peabody and Wentworth’ also studied the relationship of the vital 
capacity to the body surface area in a small group of individuals, and 
finding a very close agreement, suggested that further studies on this 
line might be of considerable value. 

Lundsgaard and Van Slyke* in a series of eighteen normal men 
and women found that the vital capacity varied more closely with the 
calculated chest volume than with the height. They determined the 
chest volume by making use of the following measurements. “The 
height of the chest is taken as the length of the sternum from incisio 
intraclavicularis to a point just below articulatio sternoxiphoidea. The 
depth is then taken as the horizontal distance from the middle of the 
sternum at the insertion of the third rib to the spinal column, and the 
breadth is the distance across the sixth ribs in the midaxillary line.” 
The product of these figures taken with the chest at rest, the “middle 
chest volume,” gives a value which is “approximately proportional” to 
the real chest volume. Certain precautions in taking these measure- 
ments must be observed, for the details of which the original article 


3. Peabody, F. W., and Wentworth, J. A.: Arch. Int. Med. 20:443 (Oct.) 
1917. 

4. Lundsgaard, Christen, and Van Slyke, Donald R.: J. Exper. M. 27:65, 
1918. 
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should be consulted. The average ratio, as found by Lundsgaard and 
Van Slyke, between the vital capacity and the middle chest volume 
(100 chest volume 

vital capacity 
this value was determined included both the males and the females. 

Since the determinations of the present report were made, Dreyer® 
has published an excellent study of normal vital capacity standards. 
He shows that certain relations may be expressed, and arranges them 
in the order of their importance as follows: 

“1. The vital capacity is a function of the weight. This can be 






was 45. == 45.) The observations by which 





n 
oe = K, where W is the net weight of 
the body expressed in grams, V. C., the vital capacity expressed in 
cubic centimeters, and the power n is approximately 24, though more 
accurately 0.72, and K is a constant. As it is already established that 
Ww" 

S 
is approximately 34 though more accurately 0.72, it follows that the ' 
vital capacity is a simple function of the body surface. In other words, 
that the smaller and lighter individual, with his relatively larger sur- 
face, has a greater vital capacity per unit of body weight than the 
larger individual. 

2. The relation between the vital capacity and stem length can be 


expressed in the formula 





= K, where W = net weight, S = body surface, and the power n 


-A” . 
correctly expressed by the formula — K, where A = stem length 
in centimeters, V. C. = vital capacity in cubic centimeters, the power n 


is approximately 2, and K, is a constant. 
3. The relation between vital capacity and circumference of chest 


can be expressed by the formula ae = K, where Ch. = circumfer- 


ence of chest expressed in centimeters, V. C. = vital capacity expressed 
in cubic centimeters, the power m is approximately 2, and K, is a 


constant. 
A X Ch. - ; . 
4. Finally, as == K, where A = stem length in centimeters, 


Ch. = circumference of chest in centimeters, V. C. = the vital capacity 
in cubic centimeters, and K, is a constant.” 

In applying these formulas, Dreyer found that the limit of error in 
the relation between the body surface and the vital capacity was com- 
paratively slight, but becomes progressively greater in the succeeding 
formulas. He discards standards based on the height alone as being 
subject to too wide individual variations. 





w% oP a V we 
The formula — K is that of Meeh modified to -— K in 


earlier studies of Dreyer with Ray and Walker* as being more nearly 
correct for determining the area of body surface. 





5. Dreyer, Georges: Lancet 2:227 (Aug. 9) 1919. 
6. Dreyer, Ray and Walker: Proc. Roy. Soc. Med., Series B. 86:39, 56, 1912. 
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It is suggested that the other formulas, though showing greater 
inaccuracies, may be of considerable value in determinations in 
pathologic cases where the weight has become abnormal. 


The average value of the constant K in the formula, = K, 


determined in Dreyer’s series of sixteen carefully studied persons was 
found to be 0.380 when the power n is taken as 3% and 0.690 if 0.72 
is taken as the value of n. 

Professor Dreyer carefully points out, however, that there is a 
variation in the value of K if groups of individuals are studied whose 
nature of life and habits are distinctly different. This variation ha’ 
previously been mentioned and suggests that in applying such standards 
for comparison of vital capacities, values must be determined for the 
various important classes of individuals and that these must be revised 
as conditions of life change in order to maintain a high degree of 
accuracy. 

Lundsgaard and Van Slyke and Dreyer have shown the importance 
of vital capacity measurements in studying cases of pulmonary tuber- 
culosis and their value in diagnosis, in prognosis and in gaging the 
effect of treatment. 

The observations reported in this paper were undertaken for the 
purpose of applying various standards to the same group of individuals 
so that the variations in these standards might be compared. 

The eighty-five men were nearly all members of the first year class 
in the Harvard Medical School, and were unselected, except that all 
were free from pulmonary or cardiac disease. They showed rather 
wide variation in physical type, from the habitually sedentary student 
to the college athlete. They, therefore, represent fairly well the 
average young men of their age seen in every-day life. The women 
were nearly all nurses from the Peter Bent Brigham Hospital, and 
were somewhat more carefully selected in that all were required to 
pass physi! examinations before being admitted to the training 
school. No further selection than this was made. 

The following measurements were recorded: Age, height in cm. 
without shoes, weight in kg. without clothes, chest volume by the 
method of Lundsgaard and Van Slyke, and the vital capacity in c.c. 
The latter was determined with the simple calibrated cylindrical 
spirometer of about eight liters capacity as described by Peabody. 
Several trials were allowed, a minimum of three, and the largest 
expiration recorded was taken as the vital capacity. From the height 
and weight the surface area was computed by the formula of DuBois 
and DuBois,’ area (sq. cm.) = wt.%425 x ht.°725 % 71.84, the weight 
being in grams and the height in centimeters. The formula has been 


7. DuBois, Delafield and DuBois, Eugene F.: Arch. Int. Med. 15:868, Pt. 2 
(June) 1915. 
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2; 
shown to be more accurate than Meeh’s formula ‘- = K. In order 


to eliminate extensive calculations, DuBois and DuBois have published 
a graphic chart by which the surface area can readily be determined 
if the height and weight are known. This method was used. 

The data on the men and women were kept separate, and are tabu- 
lated in Tables 1 and 2. Values for the direct ratio between the vital 
capacity and height were computed and the average for the men was 
found to be 26.5. Since there is a comparatively large number of men 
with athletic training in the group who have unusually high vital 
capacities, the value 25 was arbitrarily chosen as being for practical 
purposes near to the normal of the average individual. And further, 
since all known pathologic conditions affecting the vital capacity do 
so by reducing it (witness heart disease and tuberculosis) it is much 
better to have standards which err in relation to high normals than 
to low normals. The data on the normals of Dr. Peabody were made 
available, and the average for the same ratio in his men was found - 
to be 26.3. For the women the actual average was 20.6. The value 20 
-was assumed as the standard. Using 25:1_as the ratio for men and 
20:1 as the ratio for women, 63 per cent. of the combined groups 
(129 persons) were seen to have vital capacities within 10 per cent. 
of the assumed normal. Only 5 per cent. of the group fell below 
90 per cent. of the normal. The remaining 22 per cent. were higher 
than normal and were chiefly represented by those individuals having 
athletic training. 

Using Peabody’s group standards, 54 per cent. of the combined 
groups had vital capacities within 10 per cent. of the normal and 
10 per cent. of the remainder were below 90 per cent. It is interesting 
that Peabody found such a close agreement in his series, using these 
standards. However, there are obvious objections to this method 
which those who have used the standard have undoubtedly discovered. 

\ The chief of these is the wide differences found in individuals whose 
height places them at the extremes of the various groups. For instance, 
a man 174 cm. tall, by this method should have a vital capacity of 
4,800 c.c., while a man 173 cm. tall would be expected to have a vital 
capacity of only 4,000 c.c. In addition, the method is complicated and 
the various values are hard to remember. 

The average value for the chest volume ratio was approximately 
63 for the men and 56 for the women. With these values as standards, 
69 per cent. of the combined groups were found to have vital capacities 
between 90 and 110 per cent., while 21.5 per cent. were below 90 per 
cent. On the other hand, when the value for the ratio adopted by 
Lundsgaard and Van Slyke (45) was used as the standard, only 8 per 
cent. of the 129 persons had vital capacities within 10 per cent. of the 
normal and 81 per cent. were over 120 per cent. of the normal. 
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Finally, we find that the most consistent relationship exists between 
the vital capacity and the area of the body surface. The actual average 
for the men was 2.61 L. per sq. m. of body surface, and for the 
women 2.07 L. per sq. m.; 2.5 L. per sq. m. and 2.0 L. per sq. m. were 
chosen as more convenient standards and as in the height ratio giving 
slightly less influence to the presence of the unusually high vital 
capacity found in some of the individuals observed. By these stand- 
ards 71 per cent. were found to have vital capacities within 10 per cent. 
of the normal and only 5.5 per cent. were below 90 per cent. It was 
interesting and gratifying to discover that when the formula of Dreyer, 


72 
_ = K) was used later, and the values for K were taken as the 


averages found in these two groups (in eighty-five men K = 0.632; in 
forty-four women K = 0.807), almost identical results were obtained, 
the number having vital capacities within 10 per cent. of the normal 
by this method being only about 2 per cent. less than when the formula 
of DuBois and DuBois was used. 

In the accompanying chart curves have been constructed showing 
these results in graphic form. The ordinates represent the number of 
observations as expressed in per cent. of the combined groups, men 
and women, the abscissae represent the relation in per cent. to the 
various standards, the normal given as 100 per cent. 

In Table 1 the asterisk before the initials indicates those men who 
have done more than the usual amount of athletic work. This con- 
sisted chiefly in high school and college foot ball, basket ball, track, 
base ball, swimming, rowing, etc. It is to be noted that all of the men 
having vital capacities of more than 5,300 c.c. are of this group. Six 
men having vital capacities of more than 5,000 c.c. but not more than 
5,300 c.c. gave no history of unusual athletic training. For this trained 
group the average values for the various ratios may be seen in Table 3. 
They are noticeably higher than the averages for the whole group. 

No particular reason was found for the few vital capacities that 
were considerably lower than the general average. 

From these data, as well as from the work of Dreyer, it would 
appear that the most accurate method for calculating the normal vital 
capacity for an individual is from a standard based on the surface 
area. ‘In using a value for this standard, whether as expressed in c.c. 
per square meter of body surface or an arithmetical value as a con- 
stant as in the formula W®?? 

V.C. 
be made for the past physical training and experience of the individual. 
Professor Dreyer’s tabulation of the observations of Hutchinson on 


= K, it would seem that allowance must 
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Chart showing percentage of persons in relation to normal standards. 


Ordinates : 


Percentage of group (129 persons). 


Abscissae: Percentage of 


standards used. The group falling on the abscissa 90-110 includes those indi- 
viduals whose vital capacities fell within 10 per cent .of the normal. 
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this basis is the most complete comparison of this type so far available. 
It is to be hoped that similar extensive observations of the more 
important groups representative of the habits of life of the present 
day may soon become available. In addition, it is very desirable that 
more observations be made on elderly individuals, for age apparently 
reduces the vital capacity to an appreciable extent. 


TABLE 3.—SummMmary or Ratio VALUES 




















Men Women Athletes 
Venee CRIN e BOB c coc cccccccscceccccccscoses 25.0 20.0 | 29.0 
Vital capacity: body surface area............ 2.5 2.0 2.8 
100 x vital capacity: chest volume......... éec 63.0 56.0 67.0 
Wwe-ore 
- cucdnaes mae 0.632 0.807 | 0.591 
Vv. C. 
ws | 
-_— aescemebndaneen’ 0.350 0.450 0.326 
Vv. OC. 





For quick clinical work, where it is not practicable to obtain the 
net weight of the patient nor to make extensive measurements, a 
simple comparison between the vital capacity and the height will give a 
value which will closely approximate the normal for that individual, 
though individual variations by that method are greater than when 
the surface area is used. According to the chart, however, it is seen 
that practically the same number of low values were found by the two 
methods. While the greatest proportion of vital capacities studied 
were within 10 per cent. of the normal, too much weight should not 
be given to single determinations, unless a variation of more than 
15 per cent. from the chosen standard is obtained. 


SUM MARY 


A group of 129 persons are studied for the purpose of comparing 
various standards for determining the normal vital capacity. 

A standard based on the body surface area is advised, since it has 
been shown that the vital capacity varies with this function more 
uniformly than with others tried. 

When the weight of the patient cannot be obtained, a standard 
based on the height is recommended. 


I desire to express my appreciation to Miss B. I. Barker and Dr. T. D. 
Cunningham for their valuable assistance in accumulating and compiling the 
data used in these observations. 
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EXPERIMENTAL DETERMINATION OF THE INFLUENCE 
OF ABNORMAL CARDIAC RHYTHMS ON THE 
MECHANICAL EFFICIENCY OF 
THE HEART * 


J. A. E. EYSTER, M.D., ann EDITH C. SWARTHOUT, M.D. 


MADISON, WIS. 


INTRODUCTION 


The occurrence of an abnormal cardiac rhythm clinically involves 
two important and essentially different considerations. First, the 
information it may give as to the general pathologic condition of the 
heart and the prognosis of the disease, and second, the mechanical 
influence it exerts on the pumping action of the heart. The normal 
heart beat, in which there is a regular succession of auricular systoles 
within certain rates, each of which is followed after a definite interval 
by contraction of the two ventricles, is best adapted to the function of 
the heart as a pump. Anything which seriously interferes with the 
normal rate or coordination of beats, interferes, to a certain extent, 
with the mechanical efficiency of the heart. An excessive rate of con- 
traction, even though the regularity and coordination of beats is main- 
tained, reduces the amount of blood pumped by the heart by shortening 
and rendering insufficient the period during which the ventricles fill 
with blood from the auricles.* 

It is interesting to note in this connection that owing to the rapid 
period of ventricular filling immediately following ventricular systole, 
considerable increase in heart rate may occur without serious reduction 
of the amount of blood entering the ventricles during diastole. There 
is thus made possible a considerable increase of cardiac output per unit 
of time with increase in rate of contraction. With a rate beyond cer- 
tain limits, however, the period of rapid filling is incroached on and 
the output falls. This is evident clinically in cases of paroxysmal 
tachycardia in which the rhythm is regular and each beat may be of 
an entirely normal character, but owing to the very rapid heart rate, 
the output per unit of time is decreased. The systolic arterial pressure 
falls and the venous pressure rises.* This change is also evident by 
the venous engorgement (cyanosis, liver enlargement, laryngeal edema, 
etc.) which may occur in prolonged attacks. 


*From the Department of Physiology of the University of Wisconsin. 
1. Henderson: Am. J. Physiol. 16:325, 1906. 
2. Hooker and Eyster: Bull. Johns Hopkins Hosp. 19:274, 1908. 
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Of greater importance in their relation to cardiac disease in gen- 
eral, however, are those more severe and less transitory affections 
which involve not only the rate, but also the coordination of the beat, 
and which are usually, but not always, accompanied and preceded by 
valvular disease and more or less myocardial injury. These comprise 
extrasystoles, auricular flutter and fibrillation, partial heart block, and 
idioventricular rhythm in complete auriculoventricular dissociation. In 
partial dissociation, the reduction in ventricular efficiency is due merely 
to the slow ventricular rate. Auricular fibrillation is equivalent to 
auricular paralysis, so far as the pumping action of the auricles is 
concerned, and the decrease in pumping capacity of the ventricles is 
due, at least in part, to their increased rate. 

Another factor seems to play a réle in this case, however, namely, 
the prematurity of many of the ventricular beats, as will be discussed 
later in more detail. The other types involve disturbances in the 
coordination between auricular and ventricular contraction. The role 
that the auricular contractions play in the normal rhythm in filling the 
mammalian ventricle has been investigated by Henderson,’ Straub* 
and Gesell.* The last mentioned investigator differentiated between the 
influence of the absence of auricular contraction and the influence of 
interference produced by auricular contractions occurring incoordi- 
nated with ventricular systoles. The methods were, first, abolition of 
auricular contractions by producing auricular fibrillation, and second, 
the influence of auricular systoles in their time relations to ventricular 
systole during experimental complete heart block with a ventricular 
rate maintained by rhythmic stimulation. The criterion used was 
mean arterial blood pressure. Gesell obtained changes in blood pres- 
sure amounting to 55 per cent. of the pressure in the absence of 
auricular contractions by gradually shifting the time relations of 
auricular contractions with respect to ventricular contractions. With 
an independent ventricular rate, abolition of the auricular contraction 
causes a reduction of arterial pressure amounting to from 10 to 15 per 
cent. It is, therefore, evident that disturbances in cardiac rhythm, 
involving absence or incoordination of the auriclar contractions, must 
involve a reduction in the pumping efficiency of the heart. 

In recent years there has been much interest in abnormal cardiac 
rhythms. This interest has been mainly, however, in reference to 
their causes, diagnosis, prognosis and relation to other cardiac con- 
ditions. So far as we have been able to find, there has been only one 
study made as to their mechanical effect on the circulation, and this 


3. Straub: J. Physiol. 11:378, 1910. 
4. Gesell: Am. J. Physiol. 29:36, 1911. 
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only in reference to one type of abnormal rhythm. Lewis® studied the 
influence of auricular fibrillation on cardiac output, mean arterial 
pressure and venous pressure in cats and dogs. He found a decreased 
cardiac output, with usually a fall of arterial and rise of venous pres- 
sure, and ascribed the change entirely to the abnormal ventricular rate. 

The experiments described in the present work were undertaken to 
determine under experimental conditions the influence on the pumping 
efficiency of the heart of the various types of abnormal cardiac 
rhythms that occur clinically. The abnormal rhythms studied were 
frequent ectopic beats, auricular flutter and fibrillation and partial and 
complete auriculoventricular dissociation. 


METHODS 


Dogs were used exclusively. The animals were etherized and the 
thorax opened under artificial respiration. The ventricular output was 
measured by means of a plethysmograph connected with a balanced 
piston recorder. Mean arterial pressure from the femoral artery was 
recorded by a mercury manometer. Ectopic beats (extrasystoles) were 
produced by induction shocks applied to the auricles and ventricles 
during early diastole at rhythmic intervals (after every fourth or 
eighth normal beat) by means of the stimulus selector described by 
Hirschfelder and Eyster.* Auricular flutter and fibrillation were 
induced by faradic stimulation of the right auricle, and auriculo- 
ventricular heart block was produced by heating the region of the 
auriculoventricular node and upper part of the bundle by a thermode 
applied through the right auricular appendage. 


EXPERIMENTAL RESULTS 


Extrasystoles—So far as the mechanical efficiency of the heart is 
concerned, it is important to consider that an extrasystole is practically 
always a premature beat, or occurs at a shorter interval of time after 
the preceding normal beat than usual, and that it is followed by a 
compensatory pause. Owing to the fact that it is premature, with a 
reduced diastole period during which the ventricle receives its com- 
plement of blood, it is a more or less deficient beat as compared to 
the normal. With extrasystoles we have, therefore, the replacement 
of a certain number of normal cardiac systoles by less efficient con- 
tractions. 

The influence of auricular extrasystoles every fourth, eighth and 
sixteenth beat on cardiac output and arterial pressure is summarize‘ 
in Table 2. The average effect was somewhat greater the more fre- 
quent the extrasystoles, but in most cases was relatively small and in 


5. Lewis: J. Exper. M. 16:395, 1912. 
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certain individual cases probably within the normal variations of 
cardiac output. In several instances there was a slight increase above 
the normal, probably again within normal variations of output. 


TABLE 1.—Examp tes or Typicat Experiments 








| aurie- | Ventric- Ventricular) Per- | Mean | Per- 
Character of Rhythm ular ular Output per centage Arterial centage 
Rate Rate Minute Decrease Pressure Decrease 





















































Soins oe ce nnesgenucecsauavdeenttd 168 168 2020.8 oot 106 
Auricular fibrillation..................- nak 180 798.48 79.6 68 85.2 
Normal....... o6eceseseceddcceccoeue 168 168 2252.88 oon 102 
SI cccccgnerssccedsbsebeeudtundsees 186 186 1217.66 on 60 
Auricular flutter... ...............00000. 348 174 926.50 34.9 49 18.0 
Pins S65eccctoscosescsesessecseseoce 180 180 1197.72 oess 60 
inns apepcncosscdncndnessseeseescs 138 138 1881.6 — 70 
Auriculoventricular heart beat 2:1..... 14 72 1144.08 39.2 44 37.1 
Fb cc ce cicnseccuccscccoscovesonsee 132 132 2079.84 eens 76 
Normal...... Sguctetsetcin shtuhbtnted 138 138 1881.6 euce 70 
Auriculoventricular heart beat com- 
PED chseeseconvecsenesuseussousdesets | 126 36 652.2 65.3 46 34.3 
TABLE 2.—SumMmary or Att EXPERIMENTS 
No. of Percentage Decrease in Percentage Fall in 
Character of Rhythm Obser- Cardiae Output Blood Pressure 
vations 
Average Variations Average Variations 
Extra systoles every 4th to 
OO 8 6.9 +3.7 to —11.2 0 
Extra systoles every 16th 
Din gnastedconcecvevvnesese 2 OS | cvescseaccccces 0 
Auriecular flutter............... 15 15.6 +8 to —34.9 15.2 +8 to —40 
Auricular fibrillation........ 7 40.6 15.2 to 79.6 34.8 25 to 55 
Auriculoventricular heart 
block, partial (2:1)......... 4 44.0 39.2 to 50 33.0 30 to 37.1 
Auriculoventrieular hear 
block, complete.............. 13 60.6 58.4 to 65.3 39.4 26.3 to 52 





Theoretically, the degree of mechanical influence of extrasystoles 
would depend upon their number and on their prematurity. Further- 
more, ventricular extrasystoles, because of the absence of or interfer- 
ence with auricular contraction and possibly because of atypical ven- 
tricular systoles, would be expected to produce a somewhat greater 
mechanical influence than an equal number of auricular extrasystoles. 
Attempts were made to obtain the same incidence of the extrasys- 
toles in the different experiments, but we have not studied variation 
of incidence, nor have we combined ventricular with auricular extra- 
systoles. 

Auricular Flutter and Fibrillation Stimulation of the right auricle 
by rapidly increasing induction shock leads, as is well known, to flutter 
or fibrillation of the auricle. The former type of rhythm is character- 
ized by a very rapid but coordinated contraction of the auricle, in the 
latter coordinated auricular beats are replaced by incoordinated seg- 
mental contractions of different muscular bundles of the dilated auricle 
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and the condition is equivalent to auricular paralysis. In either case 
the ventricle follows the abnormal auricular rhythm in an irregular 
manner and shows both irregularity in rhythm and in size of contrac- 
tion (totally irregular pulse or pulsus irregularis perpetuus). Aside 
from the rapid ventricular rate, many of the beats are quite premature 
in character, and these not infrequently occur in a series of several 
ventricular beats followed by pauses which may be even longer than 
normal cycles. Especially in auricular fibrillation, many of the ven- 
tricular beats are so premature that the intraventricular pressure does 
not rise sufficiently to open the semilunar valves, and from the pumping 
standpoint are therefore totally inefficient. Experimentally, one may 
secure auricular ‘tachycardia, flutter and fibrillation in most experi- 
ments by successively increasing the rate of auricular stimulation. 
With a rate of stimulation less than 250 per minute, each auricular 
contraction is usually followed by a ventricular contraction in the usual 
manner. Increasing the rate of stimulation may lead to an auriculo- 
ventricular heart block with the auricles beating twice as fast as the 
ventricles, or more frequently the impulses are conducted irregularly 
to the ventricles and an irregular ventricular rhythm occurs. Increas- 
ing the rate, especially if also the strength of the stimulus is increased, 
leads usually to auricular fibrillation, with, as a rule, an increased 
irregularity of ventricular contractions. 


The experimental results of auricular flutter on cardiac output 
show considerable variation in the different trials. In a few there was 
actual increase in output, but the majority showed a decrease, reaching 
a maximum of 34.9 per cent. of the normal, as shown in the accom- 
panying illustration. In the former, the ventricular rates were usually, 
but not always, lower than when a decrease occurred. The factors that 
should be considered as entering into the production of a decreased 
ventricular output in auricular flutter are (1) the degree of increase 
of ventricular rate; (2) the proportion of premature ventricular beats, 
and (3) the interference effects produced on ventricular fillings by 
the auricular systoles. Variations in the operation of these different 
factors no doubt explain the difference in degree of decrease of output 
produced. 


Auricular fibrillation consistently decreased cardiac output, and the 
effect was in most cases much greater than in auricular flutter. It is 
important to note that this was not the result of a more rapid ven- 
tricular rate in fibrillation than in flutter, and to explain the greater 
effect in the former we must assume a larger proportion of premature 
and abortive beats or ascribe an important difference in the influence 
that auricular tachysystole and auricular paralysis exert on ventricular 
filling. The larger proportion of abortive ventricular beats in auricular 
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fibrillation is usually very evident on inspection of the tracings, but 
why impulse conduction to the ventricle in auricular fibrillation should 
be more irregular than in auricular flutter is not entirely clear. 


There are probably at least three factors acting in auricular flutter 
and fibrillation to decrease ventricular output: (1) an increase in ven- 
tricular rate beyond the optimum; (2) the presence of a variable 
number of premature and abortive beats, and (3) auricular interfer- 
ence or paralysis. That the first factor is not the sole one is shown by 
the fact that the decrease in output is not proportionate to the increase 
in ventricular rate. 


Study of the tracings would seem to indicate that the main factor 
is ventricular irregularity and the presence of abortive and premature 
ventricular systoles. Auricular fibrillation is characterized particularly 
by the large proportion of inefficient ventricular beats (pulse defi- 
ciency). The third factor, auricular interference in flutter and 
auricular paralysis in fibrillation, must also play a considerable role. 
This influence is exerted on ventricular filling and probably has a 
different proportionate influence with different ventricular rates. A 
more rapid auricular rate in flutter would presumably tend to increase 
the probability of interference. 


Auricular Ventricular Heartblock.—In partial heartblock, the 
decrease in mechanical efficiency is due entirely to the slow ventricular 
rate. In complete block, an additional factor has to be considered, 
namely, the absence of the normal influence of the auricular contrac- 
tion on ventricular filling. Some of the auricular contractions must be 
so placed as to actually produce interference with filling. Due to the 
slow ventricular rate in each case, it is found, however, that the filling 
is probably more complete than normal, since the output per beat is 
actually greater than in normal rhythm. The decrease in minute 
volume output is, therefore, due to the slow rate of contraction of the 
ventricle. In both partial and complete auriculoventricular block the 
reduction in volume output was approximately proportional to the 
percentage reduction in the ventricular rate. The effect was greater 
in partial block and the former shows the greatest average reduction 
of any of the abnormal types of cardiac rhythm. 


Changes in Mean Arterial Pressure —With a moderate degree of 
decrease in output, there is an approximately proportionate fall in 
mean blood pressure. When the output is markedly decreased, as in 
auricular fibrillation and heartblock, the fall in pressure is frequently 
considerably less than the decrease in output, indicating the occurrence 
of compensatory factors. 
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CONCLUSIONS 


1. Frequent extrasystoles (occurring every fourth to eighth cycle) 
occurring in an otherwise normal cardiac rhythm have little influence 
in reducing the mechanical efficiency of the heart. 

2. Auricular flutter and fibrillation produce a variable reduction in 
the volume output of blood from the ventricles, depending on the 
degree of development of the abnormal rhythm. The effect in fibrilla- 
tiion is greater than in flutter, and is mainly due to the irregularity of 
the ventricle and to the high percentage of premature and abortive 
ventricular beats, rather than to the fast ventricular rate. 

3. Partial and complete auriculoventricular dissociation produce a 
marked reduction in ventricular output, due to the abnormally slow 
ventricular rate. In complete dissociation the reduction in mechanical 
efficiency is usually greater than in any other type of abnormal rhythm. 

4. The mean arterial pressure tends to fall as the ventricular out- 
put is reduced, but not to the same degree as the output when this is 
much affected, indicating the occurrence of compensating factors 
tending to maintain an approximately normal arterial pressure. 
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ON THE PLATELET COUNT AND BLEEDING TIME IN 
DISEASES OF THE BLOOD * 


H. C. GRAM, M.D. 
COPENHAGEN 


The blood platelets, the third corpuscular element of the blood, 
have since the fundamental work of Bizzozero, been the object of 
many researches, the results of which, in brief, are the following: 

1. The platelets are a normal element of the blood of great impor- 
tance for coagulation and thrombosis. 

2. The place of origin of these bodies is not known with absolute 
certainty, although most authors believe in Wright’s theory, that traces 
their descent to the megakaryocytes of the bone marrow. 

3. The platelet count normally varies more than does the number 
of red and white cells. 

4. The platelet count is low in genuine, idiopathic purpura, and 
in certain diseases of the blood and infections (pernicious anemia and 
typhoid). 

5. When the number of platelets falls below certain values, the 
symptoms of a hemorrhagic diathesis occur. 

The methods for counting the platelets hitherto published, all use 
blood from a skin prick and may be divided in two groups: 

1. Direct count in dilutions after the ordinary hemocytometric 
principle, but using special liquids (Hayem, Afanassiew, Wright, 
Kinnicutt, etc.). 

2. Indirect count, in which the relation of platelets to erythrocytes 
is counted in a variable dilution with a fixing liquid, thus avoiding 
the use of pipettes (Kemp, Brodie and Russell, Pratt, Fonio, etc.). 

Different authors have estimated the normal platelet count as 
between 200,000 and 800,000 per c.mm., all, however, agreeing that 
the boundary lines of the normal must be placed rather widely apart. 

In 1918, Oluf Thomsen! introduced a new technic for the enumera- 
tion of the platelets, which makes this procedure infinitely more 
reliable than previously. 

The technic, in brief, is as follows :* 


* From the medical clinic of the Copenhagen University; Prof. Knud Faber. 

1. Hospitalstid. 62:161 (Feb. 5) 1919. 

2. The procedure described is slightly modified from the original method of 
Thomsen. 
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In a 5 cc. centrifuge tube, graduated in one-tenth c.c., measure 
0.5 c.c. of a 10 per cent. sodium citrate solution. By venepuncture 
with a sharp, not too narrow, needle 4.5 c.c. of blood are run down 
into the citrate solution and mixed with it by corking and shaking. 
The blood adhering to the cork is wiped off with a piece of cloth or 
filter paper, and the tube is left to stand for about an hour. 

In all cases, except severe polycythemia, the red blood cells, and 
most of the white blood cells, have been precipitated so as to leave a 
layer of turbid plasma containing the platelets in a homogeneous and 
very stable suspension, which does not undergo any change for at 
least five hours. A small quantitiy of this mixture is drawn off with 
an ordinary white blood cell melangeur, and diluted in the proportion 
of 1:20 with a solution containing 9 °/o9 sodium chlorid and 2 °/oo 
liquor formaldehydi, possibly also a small quantity of brilliant cresyl 
blue to stain the platelets. 

The technic of Ellermann and Erlandsen, necessitating the use of 
separate pipettes for “blood” and diluting fluid, is to be recommended 
(Ugesk. f. laeger, No. 6, 1912). 

A drop of the plasma dilution is placed in the ordinary closed 
counting cell of Thoma (Biirker’s and other open models must not be 
used on account of the evaporation). 

In the dilution, the platelets sediment readily, and may be counted 
after standing from one-half to one hour. The platelets show as small 
refractive bodies of a blue color at low focus. 

By counting ten large squares and dividing the total with two, the 
number of platelets in thousands contained in 1 c.mm. of citrated 
plasma is found. 

When the relation of citrated blood and the volume of the blood 
cells are known, the platelet count per c.mm. of blood may easily be 
calculated. 

According to Oluf Thomsen, the precipitate, on centrifuging the 
blood for ten minutes at 2,000 revolutions per minute, still contains 
5 per cent. of plasma. This value I have found a little low, since 
centrifuging for fifteen minutes, at 3,000 revolution per minute, still 
leaves from 5 to 10 per cent. of plasma among the cells. 

In the determinations that I have carried out, the precipitate after 
one and one-half hour of centrifuging, which conforms very nearly 
with the hematocrit results, have been used as a measure for the bulk 
of the blood cells. 

The calculation of the platelet count is then made from the follow- 
ing formula or by multiplying with a constant calculated for each 
value of the precipitate: 

(citrated blood + precipitate) x platelets per c.mm. plasma 


Platelet count = shee 
Citrated blood + citrate 
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The error caused by an inaccurate determination of the cell volume 
is not large, as is shown by the following example: 


0.5 o: , seas 
: a (a) precipitate after 15 minutes’ centrifuging 2 c.c. 
Citrated blood= 75 (>) precipitate after 1% hours’ centrifuging 1.8 c.c. 


Counted 500,000 platelets per c.mm. citrated plasma 


Platelet count calculated by {a seneee ad a 


The results of counts in double specimens and in the same plasma 
after varying times have convinced me of the reliability of the method. 
Within five hours from the taking of the blood there is no loss of 
platelets from sedimentation. In clean punctures, with good needles, 
the platelets never adhere to the other blood cells. Small bore needles, 
such as are used for hypodermic syringes, cause agglutination of the 
platelets, therefore, must never be used. The few leukocytes found in 
the counting cell must not show adhering platelets. 

The research that I have carried out was made on mixed material, 
consisting of hospital patients in the wards of the Rigshospital and 
other Copenhagen hospitals. 

Consequently, the difficulties in drawing the boundary lines of the 
normal may be somewhat greater, but the conclusions seem to me to 
be more valuable than those to be drawn from an examination of a 
necessarily smaller number of absolutely normal persons. In 122 indi- 
viduals, with seemingly indifferent diseases, 179 examinations were 
made, and the platelet count varied between 200,000 and. 500,000 per 
c.mm. of blood. 

If we arrange these results in groups of 50,000 we find the 
following : 

TABLE 1.—Normat Priatetet Counts 








Platelet Count Number of Number of 











Examinations Persons 

nic onincs evocesnas svn loses ini ial linha mais igiailel 21 10 
Se Cece cccccecccsccssces tnécewidnat dey cheapie 22 16 
an b bt e6ucueeseesehetetsccsneesevsssnecdete 38 SA 
AG ixcanhtkco¥eniuqnncecixhasecsenenhiiel 43 38 
hash. 0. nad osscatinmene sbdnanarebrdowtes sis 37 33 
tbr ch vdtceckenssknhatevcesdvccabectnadeces 13 10 

nk hadecdsSabnceaiwushaksaraanededaesoasebwese 179 122 





The majority of the determinations show platelet counts between 
300,000 and 450,000 per c.mm. 

Before giving the results of the platelet count in cases of blood 
disease, I would mention the fact that a slightly diminished number 
of platelets was found in one case of acromegaly, but not in two other 


3. Red cells, 5; 62,000,000 per c.mm. 
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cases, and in one case of typhoid fever (third week), but not in two 
other cases (first and second week, respectively). Counts above 
500,000 were found irregularly in the course of some acute infections. 

In accordance with other observers I found the platelet count 
normal in two cases of hereditary hemophilia and slightly elevated in 
a third case, showing a pronounced simple anemia. 

In one case of hemolytic icterus with blood alterations of the 
pernicious type, the plate count showed very low normal values, once 
even less than 200,000. 


TABLE 2.—Hemopnitia 


Hemo- Red Color 
globin Blood Cells, Index 
per Cent.) Millions 


Number Date Platelets 





 -4/23—«02, 000 87 5.14 0.84 
5/27 457,000 91 5.19 0.88 
5/27 394,000 5.24 0.89 
6/26 528,000 | 4.65 0.66 
1918 








TABLE 3.—Icterus Hemotyticus 


Color White Bleeding 
Time, 


Hemo- Red 
Nuimber Date Platelets globin Blood Cells, Index Blood 
per Cent. Millions Minutes 





5/31 213,000 44 1.99 ‘ 3 
6/ 6 216,000 

6/12 230,000 50 2.08 ! e 

6 30 186,000 4 2.30 7 6 











As simple anemias I have classed those cases in which the hemo- 
globin percentage was less than 70 (100, per cent. hemoglobin = 18.5 per 
cent. oxygen capacity) in which the colorimetric index was less than 
1, and in which there were no signs of any other disease of the blood. 

In twenty-one such patients (six cases of cancer, seven of anemia 
due to hemorrhage, and eleven obscure simple anemias) I have carried 
out twenty-seven platelet enumerations. 

Thirteen determinations made in eleven patients were normal, 
rather high values, while fourteen determinations on ten patients 
showed increased counts. The platelet counts observed in some cases 
were over | million per c.mm. 

No constant relation between the platelet count and the cause or 
degree of the anemia could be traced, but, possibly, the result may be 
of some prognostic value, a high platelet-count indicating a better 
regenerative power of the bone marrow. 

The results in pernicious and pernicious aplastic anemia are shown 
in Table 4. 
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Of the sixteen cases tabulated, fourteen were typical genuine 
pernicious anemia, while two (numbers 8 and 9) belonged to a more 
aplastic type. As the latter both died and the postmortem confirmed 
the diagnosis, I feel safe in ranging them in here. 





TABLE 4.—Perniciovs ANEMIA 








Hemo- Red Color Bleeding 
Number Date Platelets globin Blood Cells, Index Time, 
per Cent. Millions Minutes 
1 12/29 144,000 
V9 h 107,000 76 3.20 1.18 
17% 128,000 
2/15 140,000 67 3.30 101 
3/15 181,000 on otbe sii 5y 
2 3/ 6 66,000 10 
3/ll 61,000 91g 
3/21 74,000 Ee) 
4/1 55,000 
4/24 83,000 46 1.51 1.51 7 
5/14 95,000 47 ease oes 5 
6/14 74,000 49 1.58 1.55 >10 
7/ 1+ 37,000 32 1.19 1.34 >10 
3 4/29 188,000 79 3.80 1.04 
4 5/24+ 36,000 16(?) 0.86 >10 
5 5/31 116.000 52 1.87 1.40 2% 
Ry 108,000 SO 1.65 1.56 5 
6/14 90,000 56 1.99 147 
6/21 173,000 68 2.02 1.56 
6/28 177,000 73 2.49 1.49 3 
7/7 263, & 2.63 1.56 2% 
6 7/4 116,000 45 1.45 1.55 
7 T/ 4+ 16,000 15 0.71 1.06 >10 
§ 5/ 2+ 34,000 14 0.61 1.15 >10 
9 2/20 105,000 47 1.95 1.23 3% 
2/26+ 40,000 35 1.43 1.22 7™™ 
10 8/16 110,000 25 0.71 1.76 5 
ll 8/25 198,000 56 2.14 1.31 
10/ 9 481,000 91 3.91 1.16 
12 8/30 246,000 45 1,90 1.19 38% 
13 9/ 6 55,000 48 1.58 1.40 
9/19 23,000 28 0.98 1.51 >10 
4 9/29 56,000 31 0.95 1.68 >10 
15 10/27 22,000 28 1.05 13 
1l/ 1 25,000 2 0.96 14 
16 10/22 13,000 21 0.57 1.8 
10/30 16,000 16 0.42 1.9 








Evidently, in pernicious anemia one generally finds a diminished 
platelet count, most pronounced in the grave cases (Cases 2, 4, 7, 8, 9, 
13, 14, 15 and 16), less so in the milder cases and during remissions. 

In two cases, when the hemoglobin and red blood cell values reached 
nearly the normal (Cases 5 and 11), the platelet count also became 
normal. In Case 12 there was a low normal platelet count, but this 
patient, whom I have not had the opportunity of studying further, was 
convalescing rapidly and was soon discharged. 
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The value of the study of the platelets in pernicious anemia rests 
on their importance for the differential diagnosis between simple 
anemias and those of Biermer’s type, and furthermore on their value 
as a means of making a prognosis. 

Cases in which the platelet count has gone very much under 100,000 
per c.mm. generally terminate fatally, while those with higher counts 
tend to remissions. 

Complications in diagnosis might arise in cases of simple anemia 
following genuine purpura, but this disease seems to be very rare in 
Denmark, since I have only observed one case im a child and that 
before beginning this series of observations. 

In leukemia the behavior of the platelets is more variable (Tables 
5 and 6). 


TABLE 5.—Myetow Leukemia 























Hemo- hed Color White Bleeding 
Number Date Platelets globin Blood Cells, Index Blood Time, 
per Cent. Millions Cells Minutes 
1 2/10 83,000 47 2.20 0.96 249,000 >10 
2/17 96,000 we pees Swe piwtane >10 
2/24 75,000 100,000 
3/ 5 118,000 
3/12 134,000 107 ,500 >10 
5/30 362,000 26 1.15 1.12 40,100 2% 
6/ 6 302,000 21 1.04 1.00 32,600 3% 
6/16 247,000 18 0.85 1.03 19,700 3 
3 4/23 771,000 70 4.30 0.81 181,700 2 
5/ 6 568,000 2 2.91 0.89 27,600 2 
4 4/1 1,366,000 85 481 0.98 75.000 3 
4/7 1,291,000 i wens ine 66,200 2 
5 (24 405.000 58 4.20 0 2 500 
TABLE 6.—Lympuatic LEuKEMIA 
Hemo- Red Color White Bleeding 
Number Date Platelets globin Blood Cells, Index Blood Time, 
per Cent. Millions Cells Minutes 
1 12/30 173,000 82 3.04 r 1.05 15,600 
1/16 127,000 90 4.10 1.09 6,000 ay 
2 4/20 86,000 72 3.80 0.95 94,000 4 
3 4/21 134,000 35 1.30 1.35 120,000 Te 
4 3/29 170,000 78 4.35 1.15 247,000 2% 
4/7 175,000 on sees os | eecess 2 
4/22 156,000 ‘ eése ose eee 2 
5/ 5 137,000 7 3.90 0. 106,000 3 
5/15 146,000 79 4.02 0.98 144,000 2 
6/ 3 132,000 78 3.88 1.00 125,000 2% 
6/21 139,000 66 3.60 0.92 68,100 
5 6/16 296,000 96 5.56 0.79 92,500 3 
6/17 287,000 
7/2 314,000 tr 5.42 0.89 108,400 4 
6 4/22 48,000 59 3.10 0.95 2,200 
4/28 48,000 os oasis “ ecgaces >10 
5/13 36,000 56 3.07 0.91 2,400 
5/26 49,000 51 2.66 0.96 3,200 >10 
6/17 58,000 6 3.11 0.96 1,800 
,000 1.04 166,000 >10 
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In seven cases of lymphatic leukemia, the platelet count was low 
in six, but slightly so in three cases, considerably lower in the remain- 
ing three cases, one of which must be set apart on account of its show- 
ing at the time of the examination, a blood picture more like an aplastic 
anemia (Case 6). 

In myeloid leukemia the results were even more divergent, inas- 
much as one case showed a very low platelet count, two had normal 
values and two had a very considerable increase. It may be of impor- 
tance to remark that the two first cases showed blood alterations 
resembling those of pernicious anemia. 

Inasmuch as these variations are inconstant, one cannot attribute 
any diagnostic value to them, and the platelet count in leukemia only 
serves tod direct our attention to an impending hemorrhagic diathesis. 

The reason for the low counts in leukemia is obscure. It cannot be 
explained by the roentgen-ray treatment used, as three of the six 
patients with lowered platelet count never had been treated before, 
and two of the five patients with normal or increased values had been 
treated previously; also, the platelet count showed no drop during an 
effective roentgen-ray treatment. 

In many of the cases mentioned the platelet count was low without 
any signs of hemorrhagic diathesis appearing. In order to bring a 
latent tendency to hemorrhage to light, I have carried out a large 
number of bleeding time determinations by Duke’s method. The blood 
from a small skin prick (2 mm. deep) was wiped off every one- 
thirtieth second till the bleeding stopped. I found the normal bleeding 
time in about 100 determinations to lie between one and one-half and 
four minutes. 

In Tables 1 to 6 the bleeding time is found on the extreme right. 


In the only case of hemolytic icterus examined (Table 2) the bleed- 
ing time at first was normal, but became slightly lengthened, when the 
platelet count dropped to 186,000 per c.mm. 

From Tables 4, 5 and 6 it appears that the bleeding time may be 
moderately prolonged when the number of platelets lies between 
100,000 and 200,000, e. g., in pernicious anemia (Case 1), where a 
platelet count of 181,000 occurred, together with a bleeding time of 
five and one-half minutes. The lower the number of platelets falls, 
the more likely one is to find a definitely long bleeding time. In a 
single case (lymphatic leukemia, Case 2) the bleeding time was normal 
(four minutes), although the platelet count was 86,000. 

In all other cases where the platelet count fell below 100,000 per 
c.mm., one finds a protracted bleeding time, often longer than ten 
minutes. 
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In three out of four cases of hemophilia with a normal platelet 
count, the bleeding time also does not exceed the average limits. In a 
fourth case it is somewhat lengthened. In all cases of simple anemia 
the bleeding time was normal, even rather shorter than normal. 


SUMMARY 


1. The method of Oluf Thomsen for counting the platelets in 
citrated plasma is described. 

It gives reliable results. At the same time it permits a determina- 
tion of the prothrombin time with a slight alteration of the technic of 
Howell, also a determination of the fibrin percentage according to an 
unpublished method elaborated by the author, thus making possible a 
systematic examination for hemorrhagic diathesis on a single blood 
specimen. 

2. The number of platelets in normal individuals lies between 
200,000 and 500,000.* 

3. The platelets are diminished in number in pernicious anemia, in 
most cases of lymphatic leukemia and in‘some cases of myeloid leu- 
kemia. Normal values are found in hemophilia, and augmented values 
are found in many cases of simple anemia and some of myeloid 
leukemia. 

4. The diagnostic and prognostic importance of the platelet count 
in diseases of the blood is discussed. 

5. The bleeding time determination of Duke helps to disclose a 
latent hemorrhagic diathesis due to platelet deficiency, as symptoms 
may not appear without a provocative cause. It is shown that plate- 
let counts of less than 100,000 per c.mm. generally cause a tendency 
to bleed. 

6. The counting of the platelets and determination of the bleeding 
time is of extreme importance as a pre-operative measure, especially 
in cases of aplastic anemia, in which an operation often is performed 
for explorative purposes, occult cancer being suspected. 


4. In absolutely normal persons the number of platelets rarely is less than 
300,000 per c.mm. 











Book Review 





Tota Dietary REGULATION IN THE TREATMENT OF Diapetes. By Frederick M. 
Allen, M.D., Edgar Stillman, M.D., and Reginald Fitz, M.D. Mono- 
graphs of the Rockefeller Institute for Medical Research, No. 11, Oct. 15, 
1919. The Rockefeller Institute for Medical Research, New York. 


The monograph opens with a history of diabetes written from the stand- 
point of treatment which, with bibliography, fills seventy-eight pages. It is 
stated in the preface that it was written as the opening chapter of a treatise 
in three parts, and that it was to have been followed by chapters which do 
not appear in the present volume. The latter, according to the original plan, 
would have been published in a separate section. The history is followed by 
a detailed exposition of the management of diabetic patients as carried out 
in the Rockefeller Institute. Following this there are 284 closely printed pages 
and numerous charts devoted to the clinical records in full of seventy-five cases 
of diabetes treated at the same institution. The remainder of the volume con- 
tains chapters on phases of the problem which Allen and his co-workers have 
made the subject of special investigation, thus: a chapter on pancreas feed- 
ing; a chapter on exercise, and one on the influence of fat in the diet. These 
are followed by a discussion of results and prognosis, and a chapter on etiology 
and pathology. 

One familiar with the literature of diabetes, including especially the previ- 
ously publishd works of Allen and Joslin, will find in the volume little that 
is strictly new. The detailed case records have not been published before, 
and they form an important feature, but apart from these, the work is largely 
a restatement of the work and views of Allen and his co-workers. 

The historical part indicates that previous writers had established the prin- 
ciple of making the diabetic patient sugar-free and of keeping him consistently 
sugar-free thereafter, whenever this was possible. It had been accomplished 
in cases sufficiently mild by restricting the carbohydrate alone. In a less mild 
group of cases it had been accomplished by restricting the protein as well as 
the carbohydrate. It was known that even in the most severe cases fasting, 
sufficiently prolonged, would result in the disappearance of all symptoms of 
diabetes, provided there were no preventing intercurrent disease. It was not 
realized that the severest cases, or even the moderately severe cases, could be 
kept consistently free of symptoms of diabetes for an indefinite period of time 
after they were desugarized by fasting. Fear of the effects of continued under- 
nutrition of the degree and kind thought necessary had led to the practice of 
increasing the diet too rapidly and too much, so that symptoms promptly 
returned. Allen desugarized all, or nearly all, patients by an introductory fast 
and subsequently refrained from adding food beyond the limits of the patient's 
power to assimilate it. He thus extended the principle of desugarizing and 
keeping the patient consistently sugar free to a large gtoup of cases for whom 
this had not been considered feasible. In so doing he discovered new possi- 
bilities in the line of restoration of tolerance and the conversion of the more 
severe into the less severe or milder types of diabetes. The gradual addition 
of measured quantities of carbohydrate, protein and fat to desugarized diabetic 
patients who proclaim the limit of their assimilative powers by excreting 
abnormal quantities of sugar or acid proved a good method for studying the 
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metabolic effects of the foodstuffs individually and collectively. This method, 
applied with the facilities of the Rockefeller Institute, has led to a much 
clearer concept of the principles underlying the dietetic management of dia- 
betes than had been held before. Total dietary regulation and the deleterious 
effects of an undue quantity of fat in the diet are emphasized throughout 
the work. 

The book is written somewhat in the form of a diary, in that views and 
cases are presented in their entirety in the order of their arrival. It contains 
much valuable data which would be more easily accessible if it were classified, 
indexed and separated from the nonessential, but it tells the story of an 
advance in the dietetic management of diabetes that has resulted in a decrease 
of suffering and a prolongation of life. It is a work which should be read 
by all those who assume responsibility for the care of diabetic patients. 


Fifty cents each will be paid for the following issues 
of the Archives of Internal Medicine: January, March, 
June, August, 1918. January and July, 1916; Novem- 
ber, 1915; January, 1911; July, 1909. AMERICAN 
Mepicat Association, 535 North Dearborn Street, 


Chicago, Ill. 











